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ABSTRACT 
The acetyl-CoA/biotin network encompasses genes involved in acetyl-CoA 
generation and utilization and biotin synthesis, recovery, and transport, as well as biotin-
containing enzymes involved in myriad metabolic processes. To expand our understanding of 
this network and address its control, plants with altered levels of ACL (ATP citrate lyase) and 
BIOl (encoding adenosylmethionine-8-amino-7-oxononanoate synthase), have been 
examined. 
An inducible promoter provides a powerful method to test the effects of alterations in 
expression of specific genes. The synthetic GVG promoter, reported to be sterol-inducible in 
Arahidopsis thaliana, was inducible in Glycine max (soybean) when used to control the GUS 
reporter gene, or theACLA or ACLB genes. It showed the same unique replicable pattern of 
expression in soybean and Arahidopsis, directing high expression primarily to the vasculature 
of the leaf and root. 
ACL is a heteromeric enzyme, responsible for production of cytosolic acetyl-CoA. 
The ACLA-1 and ACLB-2 genes have been over-expressed individually in Arahidopsis using 
the GVG promoter. Over-expression of ACL genes led to significantly increased ACLA and 
ACLB RNA accumulation. Over-expression of one subunit of ACL had no effect on mRNA 
level of the other subunit or on ACL enzyme activity. Transgenic lines over-expressing high 
levels of ACLA and ACLB RNA were crossed to yield plants containing both transgenes. 
ACLA and ACLB RNA levels were greatly increased in ACLA+ACLB plants. For the same 
plants, there was little or no increase in ACLA or ACLB protein from the wild-type level. 
ACL enzyme activity and phenotype remained unchanged. In contrast, ACL activity was 
slightly higher (approximately 1.5-fold increase) in cold-treated ACLA+ACLB plants than in 
cold-treated wild-type plants. These data suggest that ACL is regulated at the translational 
and/or post-translational levels, and that this regulation can be modulated environmentally. 
Global transcript profiling experiments utilizing the Arahidopsis biol mutant 
deficient in biotin synthesis reveal decreased accumulation ofRNAs encoding processes 
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directly related to biotin synthesis and utilization in this mutant. Specifically, subunits of the 
biotin-containing enzymes acetyl-CoA carboxylase and methylcrotonyl-CoA carboxylase, 
and L-allo-threonine aldolase/lyase, the catalyst for an early step in biotin synthesis, have 
decreased transcript accumulation in the biol mutant when compared to wild-type. A 
number of mRNAs involved in defense responses, stress responses, and production of 
secondary metabolites show increased accumulation in the mutant plants. At the same time, 
there are decreases in particular mRNAs for the light reactions of photosynthesis and the 
TCA cycle. The presence of exogenous biotin caused changes in mRNA profiles in both the 
biol mutant and wild-type plants. 
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CHAPTER 1. GENERAL INTRODUCTION 
DISSERTATION ORGANIZATION 
The alternative paper format has been selected for this dissertation, which consists of 
five chapters. Where appropriate, formatting guidelines for the target journals have been 
incorporated into this document. 
Chapter 1 is a general introduction and literature review introducing the plant acetyl-
CoA/biotin network and the GVG promoter system. Chapter 2, "Sterol-inducible expression 
driven by the GVG promoter shows a unique replicable pattern in transgenic Glycine max 
is a manuscript to be submitted to Plant Molecular Biology. Transformation constructs were 
produced and Arahidopsis were transformed by Hongjian Liang, a research associate in the 
laboratory of Dr. Eve S. Wurtele. Soybean transformation was performed by the staff of the 
Iowa State University Plant Transformation Facility, under the direction of Dr. Kan Wang. 
Both Hongjian Liang and Lankun Wu, a graduate student of Dr. Wurtele, screened a number 
of GVG-GUS Arahidopsis plants for GUS expression. Additional screening of GVG-GUS 
Arahidopsis was done, and the rest of the data presented were collected and analyzed by 
myself. Chapter 3, "Overexpression of ATP citrate lyase in Arahidopsis reveals multiple 
levels of regulation," is a manuscript to be submitted to Plant Molecular Biology. 
Transformation constructs were produced and Arahidopsis were transformed by Hongjian 
Liang. The rest of the data presented were collected and analyzed by myself. Chapter 4, 
"Changes in biotin status lead to changes in global gene expression," is part of a manuscript 
to be submitted to The Plant Cell. Plant material was grown and harvested by Dr. Ping Che 
and Dr. Cunxi Wang, two postdoctoral associates of Dr. Basil J. Nikolau. Dr. Cunxi Wang 
also extracted RNA. Normalizations of the Afiymetrix data were done by Dr. Carol Foster 
(postdoctoral associate of Dr. Wurtele), Dr. Heike Hofmann (Assistant Professor of 
Statistics), and Dr. Dianne Cook (Associate Professor of Statistics). I analyzed microarray 
data using GeneSpring, FC Modeler, and MapMan, developed hypotheses and proposed 
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conclusions, wrote the 'Results and Discussion' section, and extensively edited the 
introduction. Chapter 5 is a general conclusion summarizing and discussing the results from 
Chapters 2 through 4, and proposing future directions for this research. 
THE GVG PROMOTER SYSTEM 
Why an inducible promoter? 
In any plant species, use of an inducible promoter allows the study of a certain gene 
in a plant without the inevitable other compensatory effects masking the true impact of the 
transgene on metabolism. In addition, an inducible promoter can be used to study gene action 
in a directed manner, allowing targeting and modification of specific processes of interest 
with a minimum of perturbation to the natural system. Early inducible promoters were 
activated by common chemicals (i.e. tetracycline and ethanol (Roslan et al., 2001)), or by 
conditions (i.e. heat shock) that would also disrupt plant metabolism (for review see Gatz 
and Lenk, 1998). Great strides have been made recently in the arena of inducible promoters 
(for review see Zuo and Chua, 2000). While inducible agents are constantly becoming more 
sophisticated, new challenges arise as new inducible promoters are developed. Various 
inducible promoters behave differently across species, leading to the necessity of testing each 
promoter in the species in which it will be used (Zuo and Chua, 2000). 
The GVG promoter system 
The GVG promoter system consists of a chimeric transcription factor and a promoter 
binding sequence for this transcription factor which controls the gene of interest. The 
chimeric transcription factor is designated GVG because of the origin of the three domains 
that compose it: the yeast GAL4 transcription factor, the herpes viral protein VP 16 
transact!vating domain, and the rat glucocorticoid receptor GR. Transcription of the chimeric 
transcription factor is controlled by the Cauliflower Mosaic Virus 35S promoter in the 
pTAVOOl construct. In a plant expressing the GVG factor protein, applied sterol interacts 
with the GVG protein to allow binding to the promoter binding sequence (6 tandem copies of 
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the yeast GAL4 upstream activating factor) to activate the gene of interest. The strong 
synthetic sterol dexamethasone was found to work well with this system without causing 
detrimental effects to the plant. Endogenous plant sterols neither affect expression nor cause 
premature induction of this promoter in any species yet tested (Aoyama and Chua, 1997). 
This GVG promoter system has proven in several species to be strong and highly 
specific with low background expression. Characterizations of the promoter using reporter 
genes have been undertaken in Nicoticma tabacum (tobacco; Aoyama and Chua, 1997), 
Arahidopsis thaliana (Aoyama and Chua, 1997), and Oryza sativa (rice; Ouwerkerk et al., 
2001). There have also been several reports of the successful use of the GVG promoter 
system to control genes of scientific interest in Arahidopsis (Lally et al., 2001; Kawai-
Yamada et al., 2001; Okamoto et al., 2001; Kang et al., 1999; McNellis et al., 1998; Barrero 
et al., 2002; Qin and Zeevaart, 2002; Chen et al., 2003; Ohashi et al., 2003; Chini et al, 
2004), tobacco (Aoyama and Chua, 1997; Qin and Zeevaart, 2002; Zhang and Liu, 2001; 
Geelen et al., 2002; Gremillon et al., 2004), and Nicotiana benthamiana (Mori et al., 2001). 
However, use of this promoter in Lotus japonicus led to severe growth defects, precluding its 
use in this species (Andersen et al., 2003). In addition, unpublished data indicates the vector 
may not be successful with particular constructs (Dr. Diane Bassham, personal 
communication). None of these publications have addressed the spatial pattern of expression 
of GVG promoter. 
ATP CITRATE LYASE 
Requirement for acetyl-CoA in cellular metabolism 
Acetyl-CoA is a central molecule at the intersection of primary and secondary 
metabolism. It is a key component in the energy-generating TCA cycle, the starting material 
for de novo fatty acid synthesis (plastidic in plants) and cysteine biosynthesis (Noji et al., 
1999), and a substrate necessary for production of a host of secondary metabolites. Acetyl-
CoA is membrane-impermeable (Liedvogel and Stumpf, 1982), so it must be synthesized in 
each subcellular compartment of the plant where it will be required, such as the cytosol, 
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plastids, mitochondria, nucleus, and microbodies. The pathways contributing to acetyl-CoA 
production in an organism at a given time depend upon the subcellular compartment, the 
organism in question, its developmental stage, and the environment (Figure 1). Pyruvate 
dehydrogenases in the mitochondria (Randall etal., 1981; Givan and Hodgson, 1983; op den 
Camp, 1997) and plastids (Camp and Randall, 1985; Ke et al., 2000) are responsible for the 
majority of acetyl-CoA produced in those compartments, though at discrete times of 
development acetyl-CoA synthetase may fill an important role in the plastid (Kuhn et al., 
1981; Masterson et al., 1990; Ke et al., 2000; Ismond et al., 2003). The process of lipid 
breakdown, (3-oxidation, produces acetyl-CoA in the microbodies. The mechanism of acetyl-
CoA generation in plant nuclei remains unknown. 
ATP citrate lyase (ACL) is the major enzyme involved in production of cytosolic 
acetyl-CoA (Kaethner and ap Rees, 1985; Fatland et al., 2002; Fatland, 2002). Using ATP 
and CoA, ACL cleaves citrate into acetyl-CoA and oxaloacetate. Despite several reports of a 
plastidic isoform of ACL (Ratledge etal., 1997; Rangasmay and Ratledge, 2000), the 
majority of biochemical evidence as well as absence of organellar-targeting sequences 
supports the hypothesis that ACL is exclusively cytosolic (Fatland et al., 2002). Additional 
biochemical evidence from Lupinus albus (white lupin) supports this cytosolic localization 
(Langlade et al., 2002). 
Cytosolic acetyl-CoA is necessary for production of a number of secondary metabolites in 
the plant, many of them produced in response to various environmental stresses. These 
products include anthocyanins, UV-absorbing flavonoids (Graham, 1998), the subset of 
isoprenoids derived from cytosolic isopentenyl pyrophosphate (Haemmerlin and Bach, 2000), 
elongated fatty acids in oils, suberin, and cuticular waxes (von Wettstein-Knowles, 1979), 
isoflavonoids, stilbenoids, and sterols (Figure 1; Ratledge etal., 1997; Wurtele etal., 1998; 
Fatland etal., 2002). 
5 
ATP citrate lyase 
In animals, ACL is a cytosolic homomeric enzyme responsible for generation of 
acetyl-CoA used for fatty acid synthesis (Srere, 1975). Its activity was first detected in a 
liver extract from pigeon (Columba; Srere and Lipmann, 1953) and its DNA sequence was 
first identified in a liver extract from rat (Rattus; Elshourbagy et al., 1990). Consistent with 
its role in fatty acid and cholesterol biosynthesis in animals, the rat ACL is stimulated by 
glucose and insulin and supressed by polyunsaturated fatty acids (Fukuda and Iritani, 1999). 
In vitro, human ACL activity is increased directly by phosphorylation and allosterically by 
phosphorylated sugars (Potapova et al., 2000). Both human and rat have a single type of 
ACL gene which encodes a single polypeptide 110 kDa in size. The functional ACL enzyme 
in mammals is a complex of 4 identical subunits (Elshourbagy et al., 1990). In contrast to its 
state in animals, ACL is a heteromeric enzyme in many organisms, including plants (see 
below), filamentous fungi including Aspergillus nidulans (Adams et al., 1997), Sordaria 
macrospora, Gibberellapulicaris, and Schizosaccharomycespombe (Nowrousian et al., 
2000), and the green sulfur bacterium Chlorobium limicola. In Chlorobium, ACL is a key 
component of the reductive tricarboxylic acid cycle. In this species it is heteromeric, 
encoded by two adjacent open reading frames, each showing significant sequence similarity 
to one region of the human ACL (Kanao et al., 2001). ACL has been discovered in the alga 
Cyanophora paradoxa, in which it is cytosolic. Full activity may be realized in this alga with 
the presence of only the C-terminal portion of the enzyme. A single ACL subunit been 
discovered in this species, and sequence analysis reveals that, though far smaller than the 
human ACL, it possesses all features necessary for full enzyme activity (Ma et al., 2001). 
Results from the photosynthetic bacterium Chlorobium tepidum suggest that its ACL enzyme 
may be made up of 2 subunits, or one labile subunit (Wahlund and Tabita, 1997). 
ACL in plants 
The first report of ACL activity in plants comes from an assay of ripening Mangifera 
indica (mango) fruit (Mattoo and Modi, 1970). Its presence was later quantified in Glycine 
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max (soybean) cotyledons (Nelson and Rinne, 1975), and finally the protein was purified 
from Ricinus communis (castor bean) endosperm (Fritsch and Beevers, 1979). The ACL 
gene sequences were identified in Arahidopsis by their sequence similarity to rat and human 
ACL: ACLA and ACLB, which encode the proteins ACLA and ACLB, respectively (Wurtele 
et al., 1998; Fatland et al., 2002). The Arahidopsis ACLA protein shows 60% similarity to 
the amino-terminal end of the human ACL polypeptide; the Arahidopsis ACLB protein 
shows 71% similarity to the carboxy-terminal end of the human ACL polypeptide. Northern 
blots of Arahidopsis have shown that ACL mRNAs accumulate to high levels in many 
developing organs, including roots, flower buds, trichomes, and developing siliques and 
embryos. In situ hybridization has further established this mRNA localization to root tips, 
anther tapetal cells, the stigmatic surface, sepal and petal abscission zones, the epidermal 
cells of many growing organs, the inner ovule integument just before deposition of the testa, 
and vascular tissue throughout the plant (Ke, 1997; Fatland et al., 2002). This pattern is very 
similar to that seen for homomeric ACCase, a cytosolic enzyme which uses acetyl-CoA as a 
substrate (Fatland et al., 2002). The ACL protein accumulates to a high level in roots and 
stems of pea (Pisum sativum) and in roots and inflorescence stalks of Arahidopsis, as 
determined by ACL activity assays (Dr Marc D. Anderson, personal communication; Fatland 
et al., 2002). The specific metabolic functions of ACL in providing cytosolic acetyl-CoA to 
these tissues and cell types are still being elucidated. 
In plants, ACL is encoded by two small gene families. Arahidopsis has 3 ACLA and 
2 ACLB genes. The functional ACL enzyme is a hetero-octomer of 4 ACLA and 4 ACLB 
subunits. The specific composition of ACLA and ACLB members in this complex has yet to 
be determined. Under normal physiological conditions, ACLA-1 and ACLB-2 are the most 
highly represented ACL cDNAs in the plant RNA pool. Yeast expression studies have 
shown that the combination of ACLA-1 and ACLB-2, co-expressed in yeast, leads to full ACL 
activity (Fatland et al., 2002). 
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Putative functions of ACL 
Experiments with both ACLA and ACLB subunits in white lupin reveal ACL to be a 
cytosolic enzyme involved in malate excretion from roots (Langlade et al., 2002). An 
mRNA profiling screen for Zea mays (maize) genes related to flavonoid synthesis identified 
ESTs homologous to a short portion of ACL (Bruce et al., 2000). ACL genes were also 
identified in a differential and subtractive screen for cDNAs enhanced during degreening of 
Chlorellaprotothecoides (Hortensteiner et al., 2000). ACL activity in Ipomoea batatas 
(sweet potato) increases 10-fold in roots in response to infection by the fungal pathogen 
Ceratocystis fimbriata, providing cytosolic acetyl-CoA for production of protective terpenes 
(Takeuchi et al., 1980). An ACLB transcript is up-regulated in hot peppers (Capsicum 
annuum) infected with the soybean pathogen Xanthomonas campestris. This indicates that 
ACL activity may be associated with phytoalexin production during incompatible plant-
microbe interactions (Suh et al., 2001). 
Cytosolic products of acetyl-CoA 
One product of cytosolic acetyl-CoA is malonyl-CoA, which is the substrate 
necessary for elongation of fatty acids (Buchanan et al., 2000), production of malonate, and 
formation of a number of secondary metabolites, including alkaloids, flavonoids, and 
stilbenoids. 
Malonate, a product of malonyl-CoA, may serve as a defensive chemical in the roots 
and nodules of legumes (Li and Copeland, 2000). Acridone synthesis requires malonyl-CoA. 
Many alkaloids, including acridones, are synthesized in the root and then translocated to 
other portions of the plant, where they reside in specialized cells known as idioblasts 
(Junghanns et al., 1998). ACL has been implicated in root exudation of organic acids, 
especially in the shift between malate and citrate excretion at different stages of development 
(Langlade et al., 2002). 
Chalcone synthase (CHS) is responsible for joining para-coumaroyl-CoA with 3 
molecules of cytosolic malonyl-CoA to form the CI 5 flavonoid skeleton. This CI 5 skeleton 
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is found in flavonoid classes including flavones, flavanones, flavonols, and anthocyanins 
(Dixon and Pavia, 1995). Flavonoids have a wide variety of functions. Antimicrobial 
isoflavonoid phytoalexins produced specifically in the root may serve a role in protecting the 
plant from attack by pathogenic bacteria (Maxwell et al., 1993). Several flavonoids are 
released from legume roots and act as signaling compounds to induce or inhibit transcription 
of the nod genes in symbiotic Rhizobium (Rhodes, 1994; Steele et al., 1999). These include 
luteolin, which plays a role in establishing symbiosis between legumes and their appropriate 
rhizobial species (Peters et al, 1986). Flavonoids possess antioxidant activity and may be 
part of the plant general stress response activated by cold stress, light stress, or a host of other 
factors. As such, they may block some radiation, bind phytotoxins, and control auxin 
transport (Winkel-Shirley, 2002). Total flavonoid levels, and specifically anthocyanin levels, 
increase when plants are exposed to cold temperatures and high light (Rabino and 
Mancinelli, 1986; Christie et al., 1994; Marrs and Walbot, 1997; Havaux and Kloppstech, 
2001; Hawegawa et al., 2001). Anthocyanins accumulate in the vacuole, and serve as UV 
protectants (Stafford, 1991). As shown in a study of the ornamental tree Bauhinia variegata, 
accumulation of anthocyanins in the outer layers of photosynthetic organs may decrease the 
rate of photosynthesis by lowering the level of light that reaches the thylakoids, thus 
protecting the photosynthetic system from oxidative damage during times of low temperature 
stress (Smillie and Hetherington, 1999). A study in maize indicates that anthocyanins can 
protect maize DNA from damage during short periods of UV irradiation (Stapleton and 
Walbot, 1994). Although anthocyanins may have a protective function, and are part of the 
cold acclimation response in many plants their accumulation is not a strict requirement for 
acclimation to growth in the cold. This was shown by cold acclimation of ttg and tt4 mutants 
deficient in anthocyanin production (Leyva et al., 1995). 
Another possible fate of cytosolic acetyl-CoA is to be converted to mevalonate via 
the formation of hydroxymethylglutaryl-CoA (HMG-CoA). Some isoprenoids 
(sesquiterpenes and triterpenes) are derived through the formation of mevalonic acid, while 
others are formed from pyruvate and glyceraldehyde-3-phosphate, by a pathway named for 
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its first intermediate, 1 -deoxyxylulose-3-phosphate (DXP; Lichtenthaler, 1999; Lange etal., 
2000). Some of these isoprenoids accumulate quickly and dramatically in the response to 
stress conditions. For example, within 6 to 18 hours after prédation of maize by Spodoptera 
exigua (beet armyworm), there is a 30-fold increase in systemic production of various 
monoterpene, sesquiterpene, and indole volatiles, leading to synthesis of copious amounts of 
these cytosolic-acetyl-CoA-derived secondary metabolites (Shen et al., 2000). 
Experiments with antisense ACLA-1 Arahidopsis plants have shown that cytosolic 
acetyl-CoA is vital to plant health and normal growth. Mutants with reduced levels of 
ACLA-1 show a severely altered phenotype (Fatland et al, 2002). By using specific 
promoters, organellar targeting sequences, and multiple approaches (antisense, 
overexpression, and knockout), universal requirements for and functions of ACL should be 
uncovered. As part of this effort, ACLA-1 and ACLB-2 were introduced into soybean and 
Arahidopsis using the GVG promoter system (Aoyama and Chua, 1997). By using a targeted 
promoter rather than a strong constitutive promoter, the chances of cosupression were 
reduced, and effects of overexpression could more easily be investigated. 
BIOTIN 
Discovery and importance to life 
Biotin (Figure 2) is a water-soluble cofactor involved in a number of diverse 
metabolic reactions and is required by virtually every living organism. It was described in 
1927 as the factor protecting animals from the detrimental effects of consumption of raw egg 
whites (Boas, 1927). Biotin was isolated from egg yolk in 1936 (Kogl and Tonnis, 1936), 
and its structure was determined by X-ray crystallography (Traub, 1956). It is also known as 
vitamin H (Du Vigneaud et al., 1940), coenzyme R (West and Wilson, 1939), or vitamin Bg. 
Biotin is attached covalently to biotin-containing proteins at a conserved lysine residue, 
usually in the motif AMKM (Chapman-Smith and Cronan, 1999). 
Metabolic processes dependent on biotin-containing enzymes include the conversion 
of acetyl-CoA to malonyl-CoA. In plastids, this is the first committed step in fatty acid 
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biosynthesis, while cytosolic malonyl-CoA is the starting material for production of 
flavonoids, alkaloids, and stilbenoids. In addition to their roles in acetyl-CoA production and 
utilization, biotinylated enzymes are also central to leucine catabolism, gluconeogenesis, and 
isoleucine production. 
The plant Acetyl-CoA/Biotin network 
Since it can be produced only by plants and some microbes, biotin is an essential 
vitamin in animal diets and must be absorbed or ingested by those microorganisms and fungi 
that cannot synthesize it. Plants are the major source of biotin in the biosphere, so 
understanding the synthesis, storage, and use of this cofactor in plants will benefit human 
nutrition as well as being interesting basic research. Biotin metabolism has been well-studied 
in microorganisms, particularly E. coli. Despite the importance of biotin synthesis in plants, 
little is known about biotin synthesis in this kingdom. In plants, in contrast to E.coli in which 
there is little to no accumulation of free biotin, the majority of biotin is free rather than 
protein-bound (Duval et al, 1994; Shellhammer and Meinke, 1990; Wang et al., 1995). This 
difference in biotin content suggests differences in regulation of biotin synthesis between 
plants and E. coli, in which the biotin synthetic pathway and its regulation have been better 
elucidated (DeMoll, 1996; Eisenberg, 1987). 
The "acetyl-CoA/biotin network" encompasses biotin metabolism (synthesis, direct 
utilization, recovery, and transport), processes that require biotin as an enzyme cofactor, and 
processes that are regulated by the biotin status of the organism independently of the two 
methods mentioned above (Figure 1). Biotin may act as a regulatory molecule of its own 
network, and other processes and genes may respond to biotin as a metabolic signal. While 
much is known about biotin synthesis, utilization, and regulatory functions in microbes, and a 
fair amount is known about biotin utilization and regulation in animals, less is known about 
the biotin network in plants. Plants present unique problems due to the compartmentation of 
their metabolism, and the complexity of the network. 
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Biotin-containing proteins 
The role of biotin in biotinylated enzymes is to act as a catalytic cofactor by carrying 
the activated carboxyl group that participates in a number of carboxylation, decarboxylation, 
and transcarboxylation reactions. These reactions traverse both primary and secondary 
metabolim, including fatty acid synthesis, leucine catabolism, gluconeogenesis, and 
isoleucine and flavonoid production. 
Gene sequences of four biotin-containing enzymes have been discovered in 
Arahidopsis. These are homomeric acetyl-CoA carboxylase (hmACCase), heteromeric 
acetyl-CoA carboxylase (htACCase; Ke et al., 2000), methycrotonyl-CoA carboxylase 
(MCCase; Song et al., 1994), and a seed biotin protein (SEP; Job et al., 2001). Heteromeric 
ACCase and MCCase are multi-subunit proteins, in which one of the subunits is biotinylated 
before assembly and activation of the enzyme. Activity of the biotin-containing enzymes 
propionyl-CoA carboxylase (PCCase), pyruvate carboxylase (PCase; Wurtele and Nikolau, 
1990), and geranoyl-CoA carboxylase (GCCase; Guan et al., 1999) has been measured in 
plants, but gene sequences for these enzymes have not been identified. This may mean that 
the sequences have significantly diverged from those in animals or E.coli, or that their 
functions are encoded by other, perhaps non-biotin-containing, enzymes. 
Recently, two types of biotin-containing proteins have been discovered in which 
biotin does not appear to serve a catalytic function. One of these is the plant-specific seed 
biotin protein which may serve as a form of biotin storage for the developing embryo (Duval 
et al., 1994; Hsing et al., 1998). Biotinylated histone proteins have been found in animals, 
where they are thought to regulate gene transcription (Chauhan and Dakshinamurti, 1991; 
Dakshinamurti and Li, 1994). These biotinylated histone proteins have not yet been 
sequenced from plants. 
The Arahidopsis genome contains several genes containing the biotin carboxyl-carrier 
motif (BCCP-like) that, though not yet characterized, appear to encode proteins that would 
contain biotin in their functional state. These may be subunits of those biotin enzymes whose 
activities have been detected in plant extracts, but gene sequences have yet been identified. 
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Alternatively, they may be significantly diverged paralogs of the BCCP biotin-containing 
subunit of heteromeric ACCase. Two genes for this enzyme (CAC1-A and CACl-B) have 
already been identified, and are being extensively compared to determine whether and how 
they each participate in the active form of the heteromeric ACCase enzyme. 
Biotin metabolism 
The biotin metabolic network in plants has certain unique attributes. Biotin 
biosynthesis is believed to occur in the mitochondria, however, biotin-requiring processes are 
distributed among diverse subcellular and cellular compartments. Therefore, there should be 
numerous transport mechanisms for biotin, and there are probably unique, plant-specific 
functions of this molecule. 
To date, sequences of only three genes directly involved in biotin metabolism have been 
isolated and characterized from Arahidopsis. These are BI02 (Weaver et al., 1996), HCS 
(Tissot et al., 1997; Denis et al., 2002), and the biotin/sucrose-tT symporter (Ludwig et al., 
2000). The BI02 gene codes for biotin synthase, the terminal enzyme in the biotin synthesis 
pathway (Baldet and Ruffet, 1996; Patton et al., 1996; Weaver et al., 1996). Consistent with 
the hypothesis that biotin biosynthesis is a mitochondrial process, the sequence of biotin 
synthase indicates that it is a mitochondrial enzyme. A deletion allele of the bio2 locus has 
been described, which results in a biotin auxotrophic, embryo-lethal phenotype (Patton et al., 
1998). 
The biol mutation of Arahidopsis (Schneider et al., 1989; Meinke, 1990, 
Shellhammer and Meinke, 1990) defines a fourth biotin-metabolism gene. The biol 
auxotrophic mutant is characterized by an inability to grow for longer than 8-10 days without 
supplemental biotin, due to a block in the biotin synthesis pathway. It survives to the 
seedling stage by utilizing maternally supplied biotin, stored in SBP. Once this maternal 
biotin is depleted, the plant dies due to lack of ability to synthesize additional biotin. The 
BIOl gene (At5g57590) encodes adenosylmethionine-8-amino-7-oxononanoate 
aminotransferase (DAPA synthase), homologous to the E. coli locus bioA. This enzyme 
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catalyzes a late step in biotin synthesis, the conversion of 8-amino-7-oxononanoate (KAPA) 
and S-adenosylmethionine to 7,8-diaminononanoate (DAPA) and S-adenosyl-4-methylthio-
2-oxobutanoate. Sequence-based analysis of the Arahidopsis genome indicates that a single 
copy gene encodes DAP A synthase in this species (unpublished data). 
Biotin as a regulator of gene expression 
Biotin serves not only as an integral part of enzymes and proteins, but also as a 
regulator of gene expression. In bacteria, the presence of free biotin suppresses biotin 
biosynthesis. The higher accumulation of free biotin in plants, however, suggests that biotin 
does not suppress its own formation in plants, or that the threshold for inhibition in these 
organisms is much higher than in microbes. In animals, biotin acts as both a transcriptional 
and post-transcriptional regulator of genes inside and outside of the biotin network. Biotin 
may also function in this way as a regulatory molecule in plants. Recent studies of the 
regulation of the Arahidopsis BI02 gene (Patton et al., 1996) and MCCase (Che et al., 2003) 
indicate that Arahidopsis has biological mechanisms for measuring the biotin status of 
tissues, and transducing that information into changes in gene expression. For example, when 
biotin is depleted in the biol mutant, accumulation of the BI02 mRNA is induced (Patton et 
al., 1996). 
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Figure 1. The plant acetyl-CoA/biotin network. 
Since acetyl-CoA cannot cross membranes, mechanisms for its generation must be present in 
all subcellular compartments where acetyl-CoA is required. Confirmed and putative 
pathways of acetyl-CoA generation and utilization are shown. Acetyl-CoA is necessary for 
the TCA cycle in mitochondria, for de novo fatty acid biosynthesis in the plastid, and for 
production of a number of secondary metabolites in the cytosol. 
Biotin is synthesized in the mitochondria, while biotinylated enzymes are present in 
numerous subcellular compartments. Biotinylated enzymes shown have activity in plants, 
but not all sequences have been identified. 
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Figure 2. Chemical structure of biotin. 
Lysine binds to the terminal carboxyl group of biotin. 
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CHAPTER 2. STEROL-INDUCIBLE EXPRESSION DRIVEN BY THE 
GVG PROMOTER SYSTEM SHOWS A UNIQUE REPLICABLE 
PATTERN IN TRANSGENIC GLYCINE MAX 
A paper to be submitted to Plant Molecular Biology 
Elizabeth K. Winters, Eve Syrkin Wurtele 
ABSTRACT 
Inducible promoters are a useful tool for both research and agronomic purposes. In 
the laboratory, they provide a powerful method to test the effects of alterations in expression 
of a specific gene. In the field, they allow tight control of expression of transgenes that 
might be detrimental to the plant or pose environmental risks if expressed throughout the life 
of the plant. Here we characterize the action of the synthetic GVG promoter system, 
previously reported to be sterol-inducible, in Glycine max (soybean) and Arabidopsis 
thaliana. We constructed a transformation vector suitable for soybean transformation 
containing the uidA (GUS) gene under the control of the GVG promoter system. Three 
independent transgenic lines of soybean containing the GVG promoter showed the sterol-
inducible nature of this promoter. GUS expression was not restricted to the part of the plant 
treated with sterol. All soybean GUS-positive individuals showed the same unique pattern of 
GUS expression, regardless of their response to sterol treatment. The GVG promoter was 
also used to drive expression of subunits of ATP citrate lyase (ACL) in soybean. Appearance 
of the introduced ACL mRNA shows the same kinetics as appearance of GUS in successful 
transformants. In contrast to soybean, Arabidopsis showed constitutive rather than sterol-
inducible GUS expression. The same unique spatial pattern of GUS accumulation was seen 
in all transformants of both soybean and Arabidopsis, with the GVG promoter driving high 
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expression in the minor veins of the leaf, high expression in root vasculature, and lower 
expression in the endodermis and leaf mesophyll cells. 
INTRODUCTION 
Glycine max (soybean) is a major agricultural crop that is difficult to transform (Zeng 
et al., 2004). Thus, many genes that have been tested in model plant species have not been 
transformed into soybean. Soybean transformation generally requires weeks in culture, and 
transformed callus is recalcitrant regarding shoot formation, root formation, and early 
growth. This leads to low (less than 10%) transformation efficiency. For regeneration of a 
sizable number of lines of interest (homozygous plants), it is particularly critical not to have a 
potentially deleterious gene, often the transgene of interest, expressed during regeneration. 
This would be a perfect application for an inducible promoter which could be activated after 
successful transformation is achieved. Use of tools such as inducible promoters may help 
transgenic soybean research to advance at a pace equal to that of research on other crop 
species. 
Inducible promoters are particularly beneficial in crop plants, where expression of a 
transgene may have far-reaching unintended effects, and specific induction of the trait of 
interest could be beneficial. In any plant species, use of an inducible promoter allows the 
study of a certain gene in a plant without the interference of compensatory effects which 
might mask the true impact of the transgene on overall metabolism. In addition, an inducible 
promoter can be used to study gene action in a directed manner, allowing targeting and 
modification of specific processes of interest with a minimum of perturbation to the natural 
system. Early inducible promoters were activated by common chemicals (i.e. tetracycline 
and ethanol (Roslan et al., 2001)), or by conditions (i.e. heat shock) that would also disrupt 
plant metabolism (for review see Gatz and Lenk, 1998). Great strides have recently been 
made in the arena of inducible promoters (for review see Zuo and Chua, 2000). While 
inducible agents are constantly becoming more sophisticated, new challenges arise as new 
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inducible promoters are developed. Despite the best efforts of those developing artificial 
promoters, many of the molecules that are used to induce a specific promoter may also have 
an effect on the expression of other plant genes. Phytochemicals present in some species 
may still mimic chemical inducers used to activate specific promoters. There may in some 
cases be only a small window of expression level between which expression is observed and 
phenotype is compromised. Various inducible promoters behave differently across species, 
leading to the necessity of testing each promoter in the species in which it will be used (Zuo 
and Chua, 2000). 
The GVG promoter system consists of a chimeric promoter (containing domains from 
the yeast GAL4 transcription factor, the herpes viral protein VP 16 transactivating domain, 
and the rat glucocorticoid receptor GR), as well as the yeast GAL4 upstream activating factor 
which acts as promoter for the gene of interest. When the chimeric GVG protein interacts 
with sterol, the promoter is activated, and the gene of interest is transcribed (Aoyama and 
Chua, 1997). This system has proven in several species to be strong and highly specific with 
low background expression. Characterizations of the promoter using reporter genes have 
been undertaken in Nicotiana tabacum (tobacco; Aoyama and Chua, 1997), Arabidopsis 
thaliana (Aoyama and Chua, 1997), and Oryza sativa (rice; Ouwerkerk et al., 2001). There 
have also been several reports of the successful use of the GVG promoter system to control 
genes of scientific interest in an inducible manner in Arabidopsis (McNellis et al, 1998; 
Kang et al., 1999; Kawai-Yamada etal., 2001; Lally etal., 2001; Okamoto etal., 2001; 
Barrero et al, 2002; Qin and Zeevaart, 2002; Chen et al., 2003; Ohashi et al., 2003; Chini et 
al., 2004), tobacco (Aoyama and Chua, 1997; Zhang and Liu, 2001; Geelen etal., 2002; Qin 
and Zeevaart, 2002; Gremillon et al., 2004), and Nicotiana benthamiana (Mori et al, 2001). 
However, this promoter showed pleiotropic defects too severe to be useful in Lotus japonicus 
(Andersen et al., 2003). In addition, unpublished data indicates the vector may not be 
successful in Arabidopsis with particular constructs (Dr. Diane Bassham, personal 
communication). None of these publications have addressed the spatial pattern of expression 
induced by the GVG promoter. 
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Here the sterol-inducible activity of the GVG system in soybean is compared to its 
activity in Arabidopsis using constructs containing a GUS reporter gene. In soybean, the 
GUS reporter gene is transcriptionally induced to high levels by the sterol dexamethasone 
(DEX), peaking 24-36 hours after application. This inducible signal travels throughout the 
plant. These results also hold true when expressing an Arabidopsis ATP citrate lyase (ACL) 
gene in soybean under the control of this promoter. In contrast, the GVG system did not 
direct the inducible expression of GUS in Arabidopsis. Once further characterized, the GVG 
promoter may be a valuable tool for future soybean research. 
MATERIALS AND METHODS 
Materials 
Dexamethasone (DEX) was purchased from Sigma (St. Louis, MO, catalog # 
D-1756), dissolved to a concentration of 30mM in 100% ethanol, and stored at -20°C. 
5-bromo-4-chloro-3 -indolyl P-D-glucuronide (X-gluc) was purchased from Rose Scientific 
(Cincinnati, OH, catalog # ES-1007-001) and kept in a desiccator at -20°C. Glufosinate for 
BAR selection was purchased from Agr-Evo (formulation code 1017; Marysville, CA) and 
kept in the dark at room temperature. 
Vector construction 
The plasmid used for transformation was based on the pZYlOl. 1 (pTF101-l) binary 
plant transformation vector (Frame et al., 2002). The Xhol site was removed from the 
original vector pTF101-l, creating the intermediate pHJ200. The sequence containing the 
GVG coding region, 6 copies of the upstream activating region (UAS) of the gal4 gene 
(Keegan et al., 1986), and a gene for hygromycin resistance (hygromycin 
phosphotransferase, hpt; Blochlinger and Diggelmann, 1984) was PCR-amplified from the 
vector pTA7001 (provided by Dr Nam-Hai Chua; Aoyama and Chua, 1997) using primers 
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Indu-3' (5'-ATAGCGGCCGCAATTGATCCCCCCTCGAC-3') and Indu-5' (5'-
TTATCGATGCATGCCGGTCGACTCTA-3') to add restriction sites for the enzymes Notl 
and Clal. This cassette was then introduced into pHJ200 to form the intermediate pHJ201, 
with an Xhol/Spel insertion site for the gene of interest. The uidA ((^-glucuronidase; GUS) 
gene containing introns (Vancanneyt et al., 1990) was PCR-amplified using primers GUS-3' 
(5'-CCGACTAGTTCATTGTTTGCCTCC-3') and GUS-5' (5'-
CGCCTCGAGATGTTACGTCCTGTA-3') to add restriction sites for the enzymes Xhol and 
SpeI. These sites were used to insert the uidA coding region into pHJ201, forming the GVG-
GUS transformation vector pHJ202 (Figure 1 A). 
Plant material and growth conditions 
Soybean plants (Glycine max cv. Thome) were transformed using the cotyledonary-
node Agrdbacterium tumefaciens transformation method with glufosinate selection (Zhang et 
al, 1999) at the Iowa State University Plant Transformation Facility (Ames, Iowa) under the 
direction of Dr. Kan Wang. Soil-grown soybeans were planted in 3-gallon pots in a mixture 
of perlite, soil, and compost. Liquid-grown soybeans were planted in double-thickness rolls 
of germination paper (Anchor Paper, St. Paul, MN), which were placed upright in beakers 
filled with approximately 250 ml of water. Selection of transformants was done by spraying 
seedlings at the first trifoliar stage with a solution of 0.1% glufosinate and 0.1% Tween (as a 
surfactant). T1 and T2 plants were used for Southern blots. T2, T3, and T4 plants, and 
developing T3 seeds were used for GUS histochemical staining. Soybeans (from young Tl) 
were grown in a growth chamber under 30°C/26°C 16-hour day/8-hour night conditions. 
Arabidopsis thaliana plants, ecotype Columbia (Col0-g/7) were transformed using the 
floral dip method (Clough and Bent, 1998). Transformants were selected by spraying 
seedlings with 0.5% glufosinate after the first true leaves had appeared. Each resultant Tl 
plant represents an independent transgenic event (Desfeux et al., 2000). Arabidopsis plants 
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were grown in soil (LCI Sunshine Mix, Sun Gro Horticulture, Bellevue, WA), in a 22°C 
growth chamber under constant light. Tl individuals were used for analysis. 
DNA extraction and Southern blot hybridization 
DNA was extracted using the 2x CTAB method of Doyle and Doyle (1987). 
Southern blots were performed using slightly modified standard protocols (Southern, 1975; 
Sambrook et al, 1989). The restriction enzyme Pvull was used to cut within the GUS gene, 
and Xhol was used to cut outside the GUS gene (Figure 1 A). After digestion and separation 
of the DNA fragments in a 0.8% agarose/TAE gel, DNA was hydrolyzed by treating with 
0.25 M HC1 for 5 minutes. DNA was transferred to Hybond-N+ membrane (Amersham, 
Piscataway, NJ) using a solution of 2.5 M NaOH and 1.66 M NaCl. The membrane was then 
neutralized in a solution of 0.5 M Tris, 1 M NaCl, pH=7.0, for 20 minutes. The membrane 
was prehybridized and hybridized in a solution of 7% SDS, 0.25 M NaHPO^, pH=7.2, and 
1 mM EDTA, containing 1% casein (Church and Gilbert, 1984; Xiang and Oliver, 1998). A 
32P-labelled oligonucleotide probe consisting of the coding region of the GUS cDNA was 
used. The radiolabel was detected using a STORM 840 Phosphorlmager (Molecular 
Dynamics, Sunnyvale, CA). Data were analyzed with the ImageQuant program (version 1.2; 
Molecular Dynamics, Sunnyvale, CA) and imported into Adobe Photoshop (version 6.0, 
Adobe Systems Incorporated, San Jose, CA). Two individuals from each transgenic line (T2 
generation) were used. 
Dexamethasone treatment 
Soil-germinated plants (both transgenic and wild-type) were spray treated with a 
solution of 30uM DEX + 0.01% Tween-20 in distilled water. Unless otherwise stated, the 
whole aerial portion of the plant was sprayed with this solution until runoff. For treatment of 
32 
liquid-grown plants, water was replaced with approximately 250 ml of a sterol solution (10 
|jM DEX) at the time of treatment. 
Control transgenic plants were sprayed or watered with a solution containing the 
same amount of ethanol as was contained in the DEX solutions. Wild-type plants were 
treated alongside the transgenics as a negative control. 
For soybean, at least two T2 individuals of each independent transgenic event were 
tested for response to dexamethasone treatment, and examined to determine pattern of GUS 
expression. All experiments were repeated at least twice (on a total of at least 4 T2 
individuals). T3 and T4 plants were also tested in some cases, giving similar results to their 
parents. One Tl individual of each independent transgenic Arabidopsis line (at least 105 
total) was tested for response to dexamethasone treatment and GUS expression. T2 plants 
were also tested in some cases, giving similar results to their parents. 
Detection of GUS expression 
To detect GUS gene expression, plant tissue was exposed to a solution of 1.5 mM 
5 -bromo-4-chloro-3 -indolyl p-D-glucuronide (X-gluc). This solution also contains 
potassium ferri and ferrous cyanides (oxidation catalysts), EDTA (to chelate interfering 
heavy divalent metal ions), Triton X-100 (wetting agent), methanol, NaHzPO^ and Na2HP04 
(Jefferson et al., 1987). Before immersion in X-gluc solution, leaves and flowers (but not 
roots) were dipped in chloroform for 45 seconds to remove surface wax and allow rapid 
penetration of the substrate to site of GUS protein accumulation. Plant material was placed 
in X-gluc solution for 37°C in the dark for 20 hours to allow development of the blue 
precipitate indicating GUS activity. After staining, chlorophyll was removed from the plants 
by washing with a solution of 95% ethanol. Stained tissue was stored in 70% ethanol until 
photographed. 
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Photographs were taken using an Olympus SZH10 compound light microscope, and 
digitally captured using a Zeiss AxioCam HRC camera and AxioVision software (Carl Zeiss 
USA, Thomwood, NY). Images were assembled using Adobe Photoshop, version 6.0. 
RNA extraction and Northern blot hybridization 
Total RNA was isolated from soybean leaves using a method modified from that of 
Kirk and Kirk, 1985 (Xiang etal, 1996; Xiang and Oliver, 1998). After separation of RNA 
in a 1% agarose/3% formaldehyde gel made with 10 mM sodium phosphate, pH=6.8 (Cotton 
et al., 1990), RNA was transferred to a Hybond-N+ membrane using 20x SSC (Nagamine et 
al., 1980). The membrane was prehybridized and hybridized as described above for 
Southern blots. A 32P-labelled oligonucleotide AtACLA-1 probe consisting of the coding 
region of the gene was used, and the radiolabel was detected using a STORM 840 
Phosphorlmager (Molecular Dynamics, Sunnyvale, CA). Data were analyzed with the 
ImageQuant program (version 1.2) and imported into Adobe Photoshop 6.0. At least 20 T2 
individuals, representing 3 independent transgenic events, were used. 
RESULTS 
Southern blots 
Southern blots (Figure IB) show that the transgene is present in each soybean line 
analyzed for GUS expression and support that each of these lines truly is an independent 
transgenic event. No aberrant phenotypes or developmental abnormalities were observed in 
either soybean or Arabidopsis transgenic lines due to the presence of the GVG protein or 
treatment with DEX. 
34 
Pattern of promoter activity 
The GVG promoter is sterol-inducible in soybean (Figure 2), and shows a specific 
and replicable pattern of GUS expression (Figure 3). GVG-driven reporter gene expression 
occurs to the highest levels in the minor veins of the leaf, and is often completely absent in 
the midrib and secondary veins. In soybean, expression may additionally occur in mesophyll 
cells. Staining is not observed at the leaf margins or preferentially at cut edges. The 
response is strongest in the mature leaves, with hardly any GUS expression in very young 
leaves, regardless of which part of the plant was in direct contact with the sterol. As shown 
by cross-section, GUS expression in roots is high in the endodermis and very high in the 
vasculature, but undetectable in the epidermis and cortex (data not shown). Flower petals and 
pods show the same pattern as leaves; they stain only in the minor veins. GUS is also 
expressed in seed coats, though not in the seeds themselves. 
The specific pattern of GUS expression described above was also seen in over 100 
independent transgenic Arabidopsis lines (Figure 3). Specifically, GUS expression was 
highest in minor veins of the leaf, trichomes, and the root vascular cylinder, and also present 
in the endodermis, and vasculature of flowers and cauline leaves. 
Sterol-inducibility 
The soybean transgenic line ST 16-1-31 consistently showed no background 
expression and high level of GUS expression after treatment of the plant with sterol. ST 16-
1-31 plants were tested for sterol inducibility in the T2, T3, and T4 generations, all with the 
same results. The line ST 16-1-112 had low levels of background expression, but a distinct 
increase in GUS expression after treatment of the plant with sterol. ST16-1-112 plants were 
tested in the T2 and T3 generations. The line ST16-1-147 had a high level of background 
expression, but GUS accumulation did increase after treatment with sterol. ST16-1-147 
plants were tested in the TO and Tl generations. The line ST 16-1-106 was tested in the Tl 
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and T2 generations. Although the Tl generation showed a low degree of GUS expression 
and this GUS expression was slightly increased when plants were treated with sterol, there 
was no GUS expression in the T2 progeny of this line. All positive individuals of these lines 
showed the same spatial pattern of GUS expression. In stark contrast to soybean, in none of 
the over 100 independent transgenic Arabidopsis lines was the promoter activated by sterol 
treatment (Figure 4). 
Kinetics 
Once soybeans were treated with sterol, GUS activity appeared between 6 and 12 
hours. GUS expression intensified and spread through the plant for up to 36 hours, with 
expression peaking at 24-36 hours after treatment. The DEX-induced signal for expression 
of GUS protein travels from the treated portions of the plant to the untreated portions within 
approximately 24 hours. This was shown when aerial portions of the plant were sprayed with 
a sterol solution as well as when roots were submerged in sterol solution (Figure 5). In both 
cases, GUS expression was seen throughout the plant. Within 4 weeks, in absence of 
additional treatment, GUS expression in the plant returned to pre-induction levels. 
To further test the inducibility of GVG promoter activity by sterol in soybean, we 
also introduced an Arabidopsis ATP citrate lyase gene, AtACLA-I, into soybean under the 
control of this GVG promoter system. Transcription of the introduced AtACLA-1 RNA is 
induced within 24 hours after spraying transgenic soybeans with DEX (Figure 6). 
DISCUSSION 
Finding promoters which are inducible in soybean would be of great benefit for 
agroeconomic reasons. It would be possible to introduce desirable traits into the crop which 
would only be expressed at the desired time. Inducible promoters have proven to be valuable 
tools in studying a particular transgene in a specific tissue or stage of development. This 
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directed transgene expression averts the dangers inherent in having a foreign gene product 
present at high levels throughout the life of the plant, including post-transcriptional silencing, 
cosupression, pleiotropic effects, and draining of metabolic resources by production of an 
unnecessary RNA and protein. Using an inducible promoter will facilitate expressing the 
gene of interest only while it is actively being studied, thus decreasing side effects on the 
plant. These inducible systems also allow study of phenotypes that might be detrimental to 
plants if expressed constitutively (Aoyama et al., 1995). 
Introduction of foreign promoters 
Various promoters can be used to direct transgene expression in plants. The one still 
most commonly used is the CaMV35S promoter from the cauliflower mosaic virus 
(Vaucheret et al, 1998). This promoter induces high levels of expression in most plant 
tissues and stages of development. The GVG promoter system (Aoyama and Chua, 1997) 
depends upon presence of a protein produced from the chimeric GVG transcription factor. 
This protein then interacts with applied sterol to allow transcription of the gene of interest. 
This system has proven both powerful and versatile, having low background, high level of 
inducible expression, and tight regulation (Gatz and Lenk, 1998). It is not activated by 
endogenous plant sterols. Our research shows the sterol-inducible function of the GVG 
promoter system in soybean. 
Although there have been reports of incorrect subcellular targeting of fusion proteins 
(Brockmann et al., 2001), and pleiotropic effects of the GVG factor, especially in the 
presence of DEX, in Arabidopsis (Kang et al., 1999; Okamoto et al., 2001), rice (Ouwerkerk 
et al., 2001), and Lotus japonicus (Andersen et al., 2003), no aberrant phenotypes were 
observed in any of the transgenic or sterol-treated transgenic lines described herein. 
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Choice of transformation vector 
Producing transgenic soybeans with the GVG promoter required development of a 
unique transformation vector, since soybean transformation requires a host of special 
features, including the capacity for glufosinate selection. The vectors used here for 
transformation in both species were driven by these requirements. Instead of using the 
pTA7001 vector as provided (Aoyama and Chua, 1997), the GVG gene as well as the 
cassette for insertion of our gene of interest were excised from the vector and placed into the 
pTF101-l vector, designed for soybean transformation (Zhang etal., 1999; Frame et al., 
2002). This construction was successful for obtaining transgenic soybeans with the desired 
characteristics, but was not in this case successful in Arabidopsis. 
Results in Arabidopsis 
Activity of the GVG promoter in Arabidopsis was different from our result in 
soybean. Arabidopsis containing the GVG-GUS construct showed the same expression 
pattern as did the GVG-G[/^-containing soybeans, with minor veins and root vasculature 
staining most strongly. However, we observed that GVG-directed GUS expression in 
Arabidopsis was not induced by sterol. Most of the Arabidopsis GVG-GUS individuals tested 
(over 100 independent transgenic events) constitutively expressed GUS protein, while others 
were repressed by treatment with the sterol. The active portion of the construct as well as all 
techniques used were obtained from the developers of the system, who had achieved 
inducible expression in tobacco and Arabidopsis (Aoyama and Chua, 1997; McNellis et al., 
1998). 
Explanations for our results using Arabidopsis could be differential sensitivity to 
dexamethasone treatment across different species, the specific transformation vector 
construct used, or the method of sterol treatment of the plants, particularly length of exposure 
of the plants to a given concentration of sterol (Lally et al., 2001). 
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Advances in inducible promoters 
During the course of this research, newer sterol-inducible systems using the GVG 
promoter have been developed. The pTA211 vector contains the same GVG transcription 
factor as the pTA7001 vector used here, driven by a stronger promoter than the 35S promoter 
used in pTA7001. In addition, the base vector of the system has been changed (Sanchez and 
Chua, 2001). It has not yet been reported if this new version of the sterol-inducible system 
functions in soybean. 
In addition, an estrogen-receptor-based inducible system (pXVE; Zuo et al, 2000) 
has been developed. This promoter shows no background activity in transgenic Arabidopsis 
and tobacco, and estradiol-induced levels of the GFP reporter gene are five times those seen 
with the 35S promoter. In addition, no pleitropic effects of the inducible signal or the 
estradiol itself have yet been reported (Zuo et al., 2000). One notable drawback is that this 
XVE promoter system was not functional in soybean cells, possibly because of interfering 
phytoestrogens (Zuo and Chua, 2000). This report and the research described herein 
highlight the need for testing of artificial promoters in each species of interest. 
Artifical zinc fingers may be used to upregulate endogenous genes in plants in a 
system using the XVE promoter discussed above. Artificial zinc-finger systems have been 
used in animals for a number of years, but this technique has not yet been extensively tested 
in plants (Sanchez et al, 2002). 
Summary 
The GVG promoter functions in soybean as a sterol-inducible promoter. Several of 
our transgenic soybean lines show no detectable background expression of the target gene 
(GUS) without the addition of sterol. The GVG promoter system may prove a useful tool in 
soybean transformation, both for convenience during the transformation process and as a 
method for introducing economically valuable traits into the crop. 
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Figure 1. Southern blot analysis of transformed soybean plants. 
A. Probe for Southern blot was made by digesting plasmid with Xhol. Pvull cuts within the 
uidA gene, while Xhol does not. 
B. Leaf tissue was sampled from 4 independent transgenic events in the T2 generation. For 
each individual, twenty micrograms of genomic DNA was digested with Xhol, and 20 with 
PvuH. The DNA blot was hybridized with the uidA probe shown above (A). 
wt= negative control (wild-type soybean). 
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Figure 2. GUS accumulation in transgenic soybean (line 31) leaves before (top panel, -DEX) 
and 24 hours after (lower panel, +DEX) spraying with dexamethasone. wt, -ctr= wild-type 
soybean; +ctr=35S-GUS soybean. 
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Figure 3. Spatial pattern of activity of the GVG promoter in Arabidopsis and soybean plants. 
Leaves and inflorescences of Arabidopsis (top panel) were harvested before treatment with 
sterol. Leaves, flowers, and roots of soybean were harvested 24 hours after spraying the 
plant with 30p,m dexamethasone. 
M=midvein; V=minor veins of leaf; S=stigma; P=petal vasculature; R=root vasculature; 
C=root cortex; Bars=2mm 
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Figure 4. Response of the GVG promoter to applied sterol in transgenic Arabidopsis plants 
Each plant shown represents an independent transgenic event. "-DEX" leaves in top panel 
were harvested before plant was treated; "+DEX" leaves in lower panel were harvested 24 
hours after plants were sprayed with dexamethasone. 
T=trichome; Bars=2mm. 
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Figure 5. Time course of activation of the GVG promoter in soybean after treatment with 
dexamethasone. 
Organs (leaves and roots) were harvested for histochemical GUS staining at the indicated 
time after treatment. 
The plant in panel A was sprayed with 30p.m dexamethasone at time 0. The plant in panel B 
was watered with a solution of lOjxm dexamethasone at time 0. Bars=2mm 
49 
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*DEX - +DEX - iDEX - +DEX 
Figure 6. Northern blot analysis of transformed soybean containing the GVG-ACLA 
(pHJ203) construct. 
Leaf tissue was sampled from T2 plants (line 36) before (-) and 24 hours after (+DEX) the 
plant was sprayed with 30|am dexamethasone. Twelve jag of total RNA were hybridized 
with the AtACLA-1 probe. ST16 neg=Negative control, GVG-GUS soybean. 
The endogenous ACLA RNA is 2.8 kb; the predicted size of the AtACLA-1 transgene is 2.2 
kb. Ethidium bromide stained gel in lower panel is shown as a loading control. 
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CHAPTER 3. OVEREXPRESSION OF ATP CITRATE LYASE IN 
ARABIDOPSIS REVEALS MULTIPLE LEVELS OF REGULATION 
A paper to be submitted to Plant Molecular Biology 
Elizabeth K. Winters, Basil J. Nikolau, Eve S. Wurtele 
ABSTRACT 
In order to elucidate portions of the plant acetyl-CoA network, encompassing the 
processes of acetyl-Co A generation and utilization, plants with altered levels of ACL (ATP 
citrate lyase) have been generated and examined. ACL is a heteromeric enzyme encoded by 
two separate sets of genes: ACLA and ACLB. Ultimate products of the cytosolic acetyl-CoA 
produced by ACL include elongated fatty acids in oils, suberin, and cuticular waxes, 
flavonoids and isoflavonoids used in plant protection and signaling, anthocyanins, and 
sterols. The ACLA-1 and ACLB-2 genes have been over-expressed individually in 
Arabidopsis thaliana using the synthetic GVG promoter. Over-expression of ACL genes led 
to significantly increased ACLA and ACLB RNA accumulation. Over-expression of one 
subunit of ACL had no effect on mRNA level of the other subunit or on ACL enzyme 
activity. Transgenic lines over-expresssing high levels of ACLA and ACLB RNA were 
crossed to yield plants containing both transgenes. ACLA and ACLB RNA levels were 
greatly increased in the resultant ACLA+ACLB plants. For the same plants, there was little or 
no increase in ACLA or ACLB protein from the wild-type level. ACL enzyme activity 
remained unchanged, and no aberrant phenotypes were observed. In contrast, ACL activity 
was increased approximately 1.5-fold in cold-treated ACLA+ACLB plants compared to cold-
treated wild-type plants. These data suggest that ACL is regulated at the translational and/or 
post-translational levels, and that this regulation can be modulated environmentally. 
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INTRODUCTION 
Acetyl-CoA is a central molecule at the intersection of primary and secondary 
metabolism. ATP citrate lyase (ACL) is the major enzyme involved in production of 
cytosolic acetyl-CoA (Kaethner and ap Rees, 1985; Fatland et al., 2002; Fatland, 2002). 
Using ATP and CoA, ACL cleaves citrate into acetyl-CoA and oxaloacetate. Cytosolic 
acetyl-CoA is necessary for production of a number of secondary metabolites in the plant, 
many of them produced in large amounts in response to various environmental stresses. 
These products include flavonoids (Graham, 1998); a subset of isoprenoids (Hammerlin and 
Bach, 2000); elongated fatty acids in oils, suberin, and cuticular waxes; isoflavonoids; 
stilbenoids; sterols; and anthocyanins (Figure 1; Ratledge et al., 1997; Wurtele et al., 1998; 
Fatland et al., 2002). 
Plant ACL was first found in fruits oîMangifera indica (mango; Mattoo and Modi, 
1970). Its presence was later quantified in cotyledons of Glycine max (soybean; Nelson and 
Rinne, 1975), and finally the protein was purified from endosperm of Ricinus communis 
(castor bean; Fritsch and Beevers, 1979). ACL is a homomeric enzyme in animals, but 
heteromeric in many organisms, including plants. The ACL gene sequences were identified 
in Arabidopsis thaliana by their sequence similarity to rat and human ACL: ACLA and 
ACLB, which encode the proteins ACLA and ACLB, respectively (Wurtele et al., 1998; 
Fatland et al., 2002). The Arabidopsis ACLA protein shows high similarity to the amino-
terminal end of the human ACL polypeptide; and the Arabidopsis ACLB protein shows high 
similarity to the carboxy-terminal end of the human ACL polypeptide. Northern blots and in 
situ hybridization using Arabidopsis tissue have shown that ACL mRNAs accumulate to high 
levels in many developing organs, including roots, flower buds, trichomes, and developing 
siliques and embryos (Ke, 1997; Fatland et al., 2002). The ACL protein accumulates to a 
high level in roots and stems of pea (Pisum sativum) and in roots and inflorescence stalks of 
Arabidopsis, as determined by ACL activity assays (Dr Marc D. Anderson, personal 
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communication; Fatland et al., 2002). The specific metabolic functions of ACL in providing 
cytosolic acetyl-CoA to these tissues and cell types are still being elucidated. 
In plants, ACL is encoded by two small gene families. Arabidopsis has 3 ACLA and 
2 ACLB genes. The functional ACL enzyme is a hetero-octomer of 4 ACLA and 4 ACLB 
subunits. The specific composition of ACLA and ACLB members in this complex has yet to 
be determined. Under normal physiological conditions, ACLA-1 and ACLB-2 are the most 
highly represented ACL cDNAs in the plant RNA pool. Yeast expression studies have 
shown that co-expression of ACLA-1 and ACLB-2 leads to full ACL activity (Fatland et al., 
2002). 
Several experiments support a role of ACL in a number of biological processes. An 
mRNA profiling screen of maize roots revealed that ESTs representing small portions of 
ACL are regulated by transcription factors which activate flavonoid synthesis (Bruce et al., 
2000). ACL mRNAs were also identified through a differential and subtractive screen for 
cDNAs enhanced during degreening of Chlorella protothecoides (Hortensteiner et al., 2000). 
ACL activity in Lpomoea batatas (sweet potato) increases 10-fold in roots in response to 
infection by the fungal pathogen Ceratocystisfimbriata, providing cytosolic acetyl-CoA for 
production of protective terpenes (Takeuchi et al., 1980). An ACLB transcript is up-
regulated when Capsicum annuum (hot peppers) are infected with the soybean pathogen 
Xanthomonas campestris, and may be associated with phytoalexin production during 
incompatible plant-microbe interactions (Suh et al., 2001). 
Flavonoids have a wide variety of functions. Antimicrobial isoflavonoid 
phytoalexins produced specifically in the root may serve a role in protecting the plant from 
attack by pathogenic bacteria (Maxwell et al., 1993). Flavonoids possess antioxidant 
activity, and may be part of the plant's general stress response, activated by cold stress, light 
stress, or a host of other factors (Winkel-Shirley, 2002). Total flavonoid levels, and 
specifically anthocyanin levels, increase when plants are exposed to cold temperatures and 
high light (Rabino and Mancinelli, 1986; Christie et al., 1994; Marrs and Walbot, 1997; 
Havaux and Kloppstech, 2001; Hawegawa et al., 2001). 
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Antisense ACLA-1 Arabidopsis plants have already been extensively analyzed. These 
experiments have revealed the essential nature of ACL for normal growth and development 
of Arabidopsis. In addition, they have shown that decreasing ACLA protein level is 
sufficient to decrease ACL activity in the plant (Fatland et al, 2002). By using specific 
promoters, organellar targeting sequences, and multiple approaches, such as antisense, 
overexpression, and knockout, universal requirements for and functions of ACL should be 
elucidated. Specifically, here we investigate the regulation of ACL, and the effects of 
increased transcript levels on protein level, enzyme activity, plant phenotype, and overall 
metabolism. 
MATERIALS AND METHODS 
Materials 
Glufosinate for BAR selection was purchased from Agr-Evo (formulation code 1017; 
Marysville, CA) and kept at room temperature. Sephadex G-25-150 (catalog #G-25-150), 
coenzyme A (catalog # C-3019), and adenosine 5'-triphosphate (catalog # A-7699) were 
purchased from Sigma (St. Louis, Missouri) and kept in a desiccator at -20°C. EST cDNA 
clones, TASG097 (AtACLA-1, GenBank Accession #Z180045) and VBVYC01 (AtACLB-2, 
GenBank Accession #218045 and #225661) were obtained from the Arabidopsis Biological 
Resource Center (Columbus, Ohio). 32P-labelled dCTP (catalog # PB10475) and 125I-
labelled Protein A (labeled by Boulton and Hunter process; catalog #IM112) were purchased 
from Amersham (Piscataway, NJ). 
Arabidopsis thaliana plants, ecotype Columbia (ColO-g/7) were sown on soil (LCI 
Sunshine Mix, Sun Gro Horticulture, Bellevue, WA) and germinated in a growth chamber 
(Percival model I-36LLVL), under continuous light (35 |a.mol m"2 sec"1) at 22°C. Ten days 
after planting, transformants were selected by spraying plants with 0.5% glufosinate. Twenty 
days after planting, transformants (and wild type controls) were transplanted into individual 6 
cm pots and randomized. Plants were watered continuously with a 21% nitrogen: 8% 
phosphorous: 18% potassium, fertilizer mix ("Nutriculture," Plant Marvel Laboratories, Inc, 
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Chicago Heights, IL). Twenty-eight days after planting, whole flats of randomized plants 
were moved to a cold room at 10°C with continuous light (22 jamol m"2 sec"1). 
Leaves or whole rosettes were harvested for RNA and protein analysis. When rosette 
tissue was used, rosettes were frozen in liquid nitrogen, homogenized, then divided into 
portions for analysis. 
Photographs were taken with a tripod-mounted Canon Digital Rebel EOS camera. 
All images were assembled using Adobe Photoshop (version 6.0, Adobe Systems 
Incorporated, San Jose, CA). 
Vector construction 
The plasmid used for transformation was based on the pZY 101.1 (pTF 101-1) binary 
plant transformation vector (Frame et al., 2002). The Xhol site was removed from the 
original vector pTF101-l, creating the intermediate pHJ200. The sequence containing the 
GVG coding region, 6 copies of the upstream activating region (UAS) of the gal4 gene 
(Keegan et al., 1986), and a gene for hygromycin resistance (hygromycin 
phosphotransferase, hpt\ Blochlinger and Diggelmann, 1984) was PCR-amplified from the 
vector pTA7001 (provided by Dr Nam-Hai Chua; Aoyama and Chua, 1997) using primers 
Indu-3' (5'-ATAGCGGCCGCAATTGATCCCCCCTCGAC-3') and Indu-5' (5'-
TTATCGATGCATGCCGGTCGACTCTA-3') to add restriction sites for the enzymes Nod 
and Clal. This cassette was then introduced into pHJ200 to form the intermediate pHJ201, 
with an Xhol/Spel insertion site for the gene of interest. 
Transformation vectors containing ACLA-1 and ACLB-2 genes used the intermediate 
pHJ201. The near-full length ACLA-1 cDNA (1.53 kb; Fatland etal., 2002) was PCR-
amplified (Sambrook et al., 1989) from the vector pTASG097 using primers ACLA1 (5'-
ATACTCGAGATGGCGAGGAAGAAG-3') and ACLA2 ( 5'-
GCGACTAGTTTATGCTGCTGCTGT-3 ' ), and inserted into pHJ201 using the enzymes 
Xhol and Spel to form the GVG-ACLA transformation vector pHJ203. The ACLB-2 cDNA 
(2.54 kb) was PCR-amplified from the vector pVBVYCOl using primers ACLB 5' (5'-
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AGACTCGAGATGGCAACGGGACAG-3') and ACLB-3' (5'-
CGCACTAGTTTACTTGGTGTACAA-3 '), and inserted into pHJ201 using the enzymes 
Xhol and SpeI, forming the GVG-ACLB transformation vector pHJ205. Transformation 
vectors were introduced into Agrobacterium tumefaciens (strain C58C1) by electroporation 
(Sambrook et al., 1989). 
Plant Transformation and Selection 
Arabidopsis (ColO-g/7) were transformed using the floral-dip method of Clough and Bent 
(1998). Inflorescence stalks from mature flowering plants (approximately 40 days after 
planting) were dipped in infiltration medium containing Agrobacterium tumefaciens (strain 
C58C1) containing pHJ203, or pHJ205. Infiltration medium consisted of Murashige & 
Skoog (MS) salt mixture (Invitrogen, Carlsbad, CA), lx B5 vitamins, 5% sucrose, 0.5% 
MES (pH=7.0), and 0.044 pM benzylaminopurine and 100 |il Silwet L-77 (OSI Specialties) 
as wetting agents. Plants were placed at 22°C under continuous light (approximately 35 
gmol m"2 sec"1) until seed harvest. Each resultant seed represents an independent transgenic 
event (Desfeux et al., 2000). Transgenic plants containing the pHJ203 GVG-ACLA construct 
are designated ACLA plants. Transgenic plants containing the pHJ205 GVG-ACLB construct 
are designated ACLB plants. 
RNA extraction and Northern analysis 
Total RNA for Northern blots was extracted using a modification of the methods 
originally described by Kirk and Kirk, 1985 (see Xiang et al., 1996; Xiang and Oliver, 1998). 
Tissue was ground in a mortar and pestle using liquid nitrogen. Approximately 50 mg of 
ground tissue was placed in a microfuge tube, to which was added 1 mL of E-buffer (50 mM 
Tris-HCl, pH=8.0; 300 mM NaCl; 5 mM EDTA, pH=8.0; 2 mM aurin tricarboxylic acid 
[ATA]; 2% SDS; 1% (3-mercaptoethanol) and 150 |iL of 3 M KC1. After incubation on ice, 
the mixture was centrifuged to remove cellular debris and protein. To the supernatant was 
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added half a volume of 8 M LiCl, and RNA precipitated overnight at 4°C. RNA was then 
centrifuged, resuspended in 0.1 mM ATA, and extracted once with phenol to remove 
remaining protein. A final ethanol precipitation (containing 2 volumes of 100% ethanol and 
0.1 volume of 3 M NaOAc) and centrifugation resulted in the recovery of a pure RNA pellet. 
This aurin tricarboxylic acid method is very effective at protecting RNA from degradation. 
However, since the method by which it protects RNA is by binding irreversibly, this method 
is not suitable for all applications (for instance, RT-PCR or microarray analysis). 
For Northern analysis, RNA was denatured at 65°C, then separated in a gel containing 
1% agarose, 3% formaldehyde, and 10 mM phosphate, pH=6.8 gel (Cotton et al., 1990). 
RNA was transferred into positively charged nylon membrane (Hybond-N+, Amersham, 
Piscataway, NJ) using a 20x SSC buffer (Nagamine et al., 1980). Membrane was 
prehybridized and hybridized in a solution of 7% SDS, 0.25M sodium phosphate buffer, 
monobasic, ImM EDTA, containing 1% casein (Church and Gilbert, 1984). Blots were 
hybridized with 32P-labelled cDNA oligonucleotide probes corresponding to the full-length 
ACLA-1 and ACLB-2 genes used for plant transformation. Radiolabeled signal was detected 
and quantified using a Phosphorlmager Typhoon 8600 Phosphorimager (Molecular 
Dynamics, Sunnyvale, CA). Data were analyzed with the ImageQuant program (version 1.2; 
Molecular Dynamics, Sunnyvale, CA) and imported into Adobe Photoshop 6.0. 
Protein extraction 
Protein was extracted from Arabidopsis rosettes by homogenizing liquid nitrogen-
frozen rosettes in extraction buffer (50 mM Tris-HCl pH=8.0; 1 mM EDTA pH=8.0; 10 mM 
dithiothreitol [DTT]; 1.5% [w/v] pre-swollen PVPP; 1 mM phenylmethylsulfonylfluoride, 
and 1 mM paraminobenzamidine, protease inhibitors), in a mortar and pestle (Fatland et al., 
2002). The resulting slurry was centrifuged at 12,000x g for 3 minutes at 4 °C, and then for 
an additional 12 to 20 minutes at 4 °C as necessary to remove cellular debris. Protein 
concentrations were determined by the method of Bradford (1976). Protein extracts were 
diluted with 5x Laemmli buffer, boiled to denature, and stored at -20 °C until use in Western 
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analysis. For ACL activity assays, extracts were desalted through Sephadex G-25-150 
columns (200 nL extract on 1 mL Sephadex bed volume) with elution buffer (50 mM 
NaH2P04, pH=7.2, 1 mM MgClz, 0.1 mM EDTA, and 1 mM DTT). Desalted extracts were 
adjusted to 10% (v/v) glycerol (Wurtele et al., 1985), and stored in liquid nitrogen until use. 
Western analysis 
Proteins were separated under denaturing conditions through 12.5% acrylamide 
(Laemmli, 1970), and transferred to nitrocellulose (NitroPure, Osmonics, Minnetonka, MN) 
using 25 mM glycine, 192 mM magnesium acetate, 20% methanol (Towbin, 1979). Two 
gels were transferred concurrently, using voltage up to 125 V for 175 volt-hours. 
Western blots were incubated in TEST (10 mM Tris-HCl, pH=8.0, 15 mM NaCl, 
0.1% Tween-20) + 3% BSA overnight at room temperature. Anti-ACLA or Anti-ACLB 
serum (Fatland et al., 2002) was added to the blots in new TEST + 3% BSA at a 1:500 
dilution (Ke et al., 1997), and these were incubated for 3 to 4 hours at room temperature. 
Unbound primary antibody was removed by three 10 minute washes with TBST. Blots were 
then incubated with 2 x 105 cpm/ml I25I-Protein A (Amersham, Piscataway, NJ) as secondary 
antibody in TBST + 3% BSA for 2 hours at room temperature. Excess protein A was 
removed by three 10 min washes with TBST. Radiolabeled signal was detected and 
quantified using a Phosphorlmager Typhoon 8600 Phosphorimager (Molecular Dynamics, 
Sunnyvale, CA). Data were analyzed with the ImageQuant program (version 1.2) and 
imported into Adobe Photoshop 6.0. 
Spectrophotometric assay of ACL activity 
ACL activity was determined by a spectrophotometric assay using a modification of 
the methods originally described by Takeda et al. (1969) and Kaethner and ap Rees (1985) 
(see Fatland et al., 2002). The optimized ACL assay contained 100 to 150 |j.L of desalted 
protein extract (approximately 50 to 500 \ig protein); 200 mM Tris-HCl, pH=8.4; 20 mM 
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MgClzi 1 mM DTT; 10 mM ATP; 10 mM citrate; 6 units malate dehydrogenase; and 0.1 mM 
NADH. Background NADH oxidation was determined by monitoring decrease in 
absorbance at 340 nm in the absence of coenzyme-A, and the ACL reaction was initiated by 
addition of 0.2 mM coenzyme-A. 
Since measurement of acetyl-CoA itself is difficult, this assay measures the oxidation 
of NADH during a reaction coupled to the ACL reaction: the conversion of oxaloacetate (a 
product of the ACL reaction) to malate, catalyzed by malate dehydrogenase. ACL activity is 
then calculated using the extinction coefficient of NADH (6.22 mM*1 cm"1). There is a 1:1 
correspondance between NADH utilized and units of ACL activity. 
Statistical analyses, including Student's t-test and ANOVA, were done using 
http://www.physics.csbsju.edu/stats/anova.html at the 95% level of significance. 
Crossing 
Pollen was taken from GVG-ACLA overexpressing plants (T4 plants, 2 days after 
flowering [DAF]) and deposited on stigmas of GVG-ACLB overexpressing plants (T3 plants, 
0 DAF) from which all other floral organs have been removed (Storgaard et al., 2002). 
Siliques were allowed to develop, seeds were collected at maturity, and progeny were 
analyzed for overexpresion of both v4CL4-7 and ACLB-2 transgenes. Resultant individuals 
have been designated ACLA+ACLB plants. 
RESULTS 
Overexpression using the GVG promoter 
The GVG promoter (Aoyama and Chua, 1997) was used to overexpress ACLA-1 and 
ACLB-2 in Arabidopsis. This promoter shows a specific replicable pattern of expression in 
Arabidopsis (Chapter 2), driving expression primarily to the minor veins of the leaf and the 
vascular cylinder of the root, and to lower levels in the endodermis and veins of the cauline 
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leaves and flower petals. Expression is absent in inflorescence stalks and reproductive 
organs. 
Analysis of ACLA and ACLB plants 
To determine RNA accumulation in ACLA and ACLB transgenic lines, RNA was 
analyzed by Northern blots. One hundred and eighty independent transgenic lines were 
screened for accumulation of ACLA-1 mRNA; of these, a single line showed over-expression 
of ACLA. One hundred and forty independent transgenic lines were screened for 
accumulation of ACLB-2 mRNA; of these, four lines showed over-expression of ACLB. 
Transgenic lines that overexpressed ACLA mRNA had wild-type levels of ACLB mRNA and 
protein; conversely, lines that overexpressd ACLB mRNA had wild-type levels of ACLA 
mRNA (Figure 2A). 
Western blots were done to determine the levels of ACLA and ACLB protein 
accumulation in the ACLA and ACLB transgenic lines. ACLA lines overexpressing ACLA-1 
mRNA to high levels showed only small increases in the level of ACLA protein and no 
change in the level of ACLB protein (Figure 2B). Transgenic lines overexpresing high levels 
of ACLB-2 mRNA showed only small increases in the level of ACLB protein and no change 
in the level of ACLA protein (Figure 2B). 
To address the question of whether an increase in either ACLA or ACLB protein 
level would lead to an increase in enzyme activity, ACL activity assays were done on ACLA 
and ACLB plants overexpressing ACLA or ACLB protein. ACLA plants showing increases 
in both ACLA-1 mRNA and ACLA protein had no increase in ACL activity. ACLB plants 
showing increases in both ACLB-2 mRNA and ACLB protein had no increase in ACL 
activity (Figure 2C). 
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Crossing ACLA and ACLB lines 
ACLA and ACLB lines were crossed to obtain plants with elevated levels of both ACL 
subunits. Progeny from six such crosses were analyzed. These are designated ACLB+ACLB 
lines. Of these, four lines contained both ACLA and ACLB transgenes, and two lines (4-9 and 
5-6) are homozygous for at least one of the transgenes (Table 1). Northern blot analysis 
suggests homozygosity at both transgenic loci. These resultant ACLA+ACLB plants showed 
no phenotypic difference from wild-type plants under normal growth conditions 
Analysis of ACLA+ACLB plants 
To determine the accumulation of ACLA-1 and ACLB-2 mRNA in the progeny of 
ACLA+ACLB crosses, RNA was analyzed by Northern blots. In all experimental conditions, 
ACLA+ACLB lines showed high levels of accumulation of RNA from both ACLA-1 and 
ACLB-2 transgenes (Figure 3 A). 
To determine the accumulation of ACLA and ACLB protein in the ACLA+ACLB 
progeny, protein was analyzed by Western blots. ACLA+ACLB lines with elevated ACLA-1 
and ACLB-2 mRNA levels showed only a small increase in ACLA and ACLB protein from 
the wild-type level (Figure 3B). 
ACL activity assays were done to determine the level of enzyme activity in the 
ACLA+ACLB plants. In lines with increased ACLA and ACLB protein levels, there was no 
significant increase in ACL enzyme activity from wild-type levels (Figure 4). 
Stress treatment of ACLA+ACLB lines 
ACLA+ACLB lines and wild-type plants were exposed to cold temperatures (10°C, 
Havaux and Kloppstech, 2001), low light, high light, darkness, and UV-B light to determine 
if these treatments would increase ACL RNA levels, protein levels, or enzyme activity. 
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Northern blots showed no increases in ACL mRNA levels for either ACLA+ACLB 
lines or wild-type plants when exposed to these stress conditions (data not shown). 
Western blots showed no increased in ACLA or ACLB protein levels in the 
ACLA+ACLB plants exposed to stress conditions when compared to results from the same 
lines under normal conditions. Similarly, ACLA and ACLB protein levels in the wild-type 
remained unchanged when plants were exposed to stress conditions. 
ACL activity assays were done to determine whether small increases in ACL protein 
levels in the ACLA+ACLB plants would lead to increased enzyme activity under stress 
conditions. ACL activity was significantly higher in ACLA+ACLB plants exposed to cold 
temperatures (10°C) than in ACLA+ACLB plants kept under control conditions (Figure 4). A 
Student's t-test was used to analyze these results, which showed a significant difference in 
ACL activity between cold- and control-grown ACLA +ACLB plants (t=2.48, 19 df, p=0.023). 
ACLA+ACLB plants showed no observable phenotypic difference from the wild-type in 
either cold (10°C) or control growth conditions (Figure 5). 
DISCUSSION 
Co-regulation of multi-subunit enzymes 
Over-expressing ACLA RNA did not influence the level of ACLB RNA and over-
expressing ACLB RNA did not influence the level of ACLA RNA. In this case, 
overexpression of neither transgene influences transcription of the other subunit. Transgenic 
ACLA lines with increases in ACLA protein show no change in ACLB protein levels, and 
transgenic A CLB lines with increases in ACLB protein show no change in ACLA protein 
levels. Therefore, overexpression of one subunit of ACL does not lead to increased 
translation of the other subunit. If regulation of ACL were dependent upon equal amounts of 
either RNA or protein for both subunits being present in the plant, over-expression of the 
limiting subunit might have led to increased accumulation of both subunits. In contrast to 
these results, downregulation of ACLA, using the antisense technique, led to proportionately 
reduced ACLB protein accumulation (Fatland et al., 2004). Also in the case of Rubisco, 
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downregulation of the small subunit of the enzyme (nuclear rbcS) led to reduced translation 
of the large subunit (plastidic rbcL) necessary for enzyme activity (Rodermel et al., 1996). 
Many multi-subunit enzymes are co-regulated at the mRNA level. For example, the two 
subunits of MCCase, MCC-A and MCC-B, are co-regulated at the mRNA level, and also at 
the translational and post-translational levels, by a number of environmental stimuli such as 
presence of biotin and light conditions. (Che et al., 2003). Heteromeric ACCase (at least in 
Arabidopsis) is coordinately regulated such that all RNAs are present in a stoichiometric 
ratio in non-transgenic plants (Ke et al., 2000). However, down-regulating CAC1A does not 
change mRNA or protein levels of other ACCase subunits (Qian, 2002). Subunits of ACL do 
not appear to be co-regulated at the transcriptional level. However, the low rate of successful 
transcript accumulation after introduction of transgenes may be due to strong transcriptional 
control of this enzyme. 
Increasing level of one subunit alone does not change enzyme activity 
Increasing the level of either subunit of ACL alone was not sufficient to increase 
ACL enzyme activity. In the plants that showed significant increases in the level of only one 
ACL protein subunit, there was no change in enzyme activity from the wild-type level. 
Uncomplexed subunits of a multi-subunit protein may be quickly degraded in vivo (Plumley 
and Schmidt, 1995), so that activity does not increase with increasing protein levels of a 
single subunit. This phenomenon may explain why introduced ACL protein accumulated to 
a much lower level than would be expected from the corresponding transcript accumulation. 
Changing levels of one subunit does not always impact the activity of the enzyme to a 
proportional degree, as shown by plants with 50-70% reductions in subunits of pyruvate 
dehydrogenase having only slightly lower PDH activity than those with wild-type levels of 
PDH subunits (Ismond et al., 2003). Downregulating one subunit of an enzyme (MCC-A, 
Qian, 2002; ACLA-1; Fatland et al., 2004) often leads to reduced enzyme activity in 
proportion to reduction of subunit protein levels. There are fewer data concerning 
overexpression of subunits of enzymes. Neither ACLA nor ACLB protein levels are limiting 
to enzyme activity in vivo. 
Conclusions 
Overexpression of the genes of cytosolic ACL leads to significantly increased RNA 
levels, but ACL appears to be regulated in such a way that protein and enzyme activity 
remain indistinguishable from wild-type. The fact that co-overexpressing ACLA-1 and 
ACLB-2 did not lead to detectable changes in enzyme activity or phenotype suggests that 
control of their expression is complex. In these plants, protein levels were elevated to a 
smaller degree than RNA levels, and phenotype was not visibly impacted as a result of these 
slightly elevated protein levels. This points to two levels of control of the ACL enzyme, 
translational and post-translational. The experiments described herein have overcome the 
transcriptional control exerted by the plant, but the mechanisms of other levels of regulation 
remain an area of future study. 
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Figure 1. Confirmed and putative pathways of acetyl-CoA generation and utilization. 
Acetyl-CoA cannot cross membranes, so it must be generated in each subcellular 
compartment in which it is required. Cytosolic acetyl-CoA is generated by the action of ATP 
citrate lyase (ACL). This acetyl-CoA can either be carboxylated by cytosolic homomeric 
ACCase to form malonyl-CoA, or undergo condensation to form acetoacetyl-CoA. Either of 
these intermediates may give rise to a number of metabolites, some of which are represented 
above. 
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Figure 2. RNA and protein analysis of ACLA and ACLB plants. 
(A) Whole rosettes were harvested when the plants were 35 days old, and used for RNA and 
protein extractions. Twelve micrograms of total RNA were hybridized with either the ACLA-
1 probe (top panel) or the ACLB-2 probe (lower panel). Wild-type RNA is shown as a 
negative control. The endogenous ACLA-1 RNA is 1.6 kb; the predicted size of the ACLA-1 
transgene is 1.9 kb. The endogenous ACLB-2 RNA is 2.1 kb; the predicted size of the 
ACLB-2 transgene is 2.5 kb. 
(B) Two hundred micrograms of crude protein extract (from 35-day-old rosette tissue) were 
incubated with either the ACLA antibody (top panel) or the ACLB antibody (lower panel). 
Wild-type protein is shown as a negative control. The ACLA protein is approximately 45 
kDa; the ACLB protein is approximately 65 kDa. 
(C) ACL activity was determined in desalted protein extracts from ACLA, ACLB, and wild-
type plants. Data shown are the means +/- standard deviation from 4 (wt) to 28 {ACLB) 
replicates. 
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ratio ratio 
alive:dead alive:dead 
line plain MS MS-hygro 
wt 40:0 0:40 
GVAB 5-6 120:0 114:2 
GVAB 5-6-12 96:4 103:5 
GVAB 4-1-8 119:1 100:19 
GVAB 4-9-4 119:1 112:0 
GVAB 4-13-5 105:15 80:27 
Table 1. Test for homozygosity of ACLA+ACLB lines. 
Seeds were plated on either plain MS medium (plain MS) or MS medium with 20 fig/ml 
hygromycin (MS-hygro). Transgenic plants are resistant to hygromycin. 
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Figure 3. RNA and protein analysis of ACLA+ACLB plants. 
(A) Whole rosettes were harvested and used for RNA and protein extractions. Twelve 
micrograms of total RNA were hybridized with both the ACLA-1 probe and the ACLB-2 
probe. Wild-type RNA is shown as a negative control. The endogenous ACLA-1 RNA is 1.6 
kb; the predicted size of the ACLA-1 transgene is 1.9 kb. The endogenous ACLB-2 RNA is 
2.1 kb; the predicted size of the ACLB-2 transgene is 2.5 kb. 
(B) Two hundred micrograms of crude protein extract were incubated with either the ACLA 
antibody (top panel) or the ACLB antibody (lower panel). Protein from wild-type 
Arabidopsis is shown as a negative control. The ACLA protein is approximately 45 kDa; the 
ACLB protein is approximately 65 kDa. 
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wt control wt 10-deg ACLA+ACLB ACLA+ACLB 
control 10-deg 
Figure 4. ACL enzyme activity in ACLA+ACLB compared to wild-type plants. 
ACL activity is significantly higher (determined by t-test, p < 0.05) in ACLA+ACLB plants 
treated with cold than in wild-type plants treated with cold, as shown by categories (a) and 
(b). ACLA+ACLB plants show no significant difference in ACL enzyme activity from wild-
type under control conditions. ACL activity was determined in desalted protein extracts from 
ACLA+ACLB and wild-type plants. 
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Figure 5. Phenotypes of cold-grown and control Arabidopsis plants, ACLA+ACLB and wild-
type. 
At 28 days old, the plants in panel A were moved to 10°C for 7 days while the ones in panel 
B were kept under normal conditions. 
ACLA+ACLB plants are marked with white circles. Wild-type plants are marked with gray 
squares. Other controls (wt-like) are blocked out with large black squares. 
75 
CHAPTER 4. CHANGES IN BIOTIN STATUS LEAD TO CHANGES IN 
GLOBAL GENE EXPRESSION 
A paper to be submitted to The Plant Cell 
Elizabeth K. Winters, Basil J. Nikolau, Eve Syrkin Wurtele 
ABSTRACT 
The biotin network encompasses genes involved in biotin synthesis, recovery, and 
transport, as well as biotinylated enzymes involved in myriad metabolic processes. Global 
transcript profiling experiments will help to expand understanding of this network and 
address its control. Experiments utilizing the biol mutant reveal decreased accumulation of 
RNAs encoding processes directly related to biotin synthesis and utilization in this mutant. 
Specifically, subunits of the biotin-containing enzymes acetyl-CoA carboxylase and 
methylcrotonoyl-CoA carboxylase, and L-allo-threonine aldolase/lyase, the catalyst for an 
early step in biotin synthesis, have decreased transcript accumulation in the biol mutant 
when compared to wild-type. Genes for non-biotinylated subunits of acetyl-CoA 
carboxylase and methylcrotonoyl-CoA carboxylase also show decreased transcript 
accumulation in the biol mutant plants. A number of genes involved in glycolysis, defense 
responses, stress responses, and production of secondary metabolites show increased 
transcript accumulation in the biol mutant when compared to wild-type plants. At the same 
time, the biol mutant shows decreases in transcript accumulation representing particular 
genes for the light reactions of photosynthesis and the TCA cycle. The presence of 
exogenous biotin caused changes in mKNA profiles in both the biol mutant and wild-type 
plants. Specifically a number of genes involved in responses to abiotic or biotic stimulus and 
in the stress response showed altered transcript accumulation profiles in the presence of 
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exogenous biotin, and a number of genes involved in transcription and transport showed 
increased mRNA accumulation. These experiments reveal that biotin affects more metabolic 
processes than had previously been thought, and leads to dramatic expansion of the scope of 
the biotin network. 
INTRODUCTION 
Biotin is a water-soluble cofactor involved in a number of diverse metabolic reactions 
and required by virtually every living organism. It was described in 1927 (Boas, 1927), 
isolated from egg yolk in 1936 (Kogl and Tonnis, 1936), and its structure confirmed (Traub, 
1956). It is also known as vitamin H (Du Vigneaud et al, 1940), coenzyme R (West and 
Wilson, 1939), or vitamin Bg. Biotin is attached covalently to biotin-containing proteins at a 
conserved lysine residue, usually in the motif AMKM (Chapman-Smith and Cronan, 1999). 
Biotin can be produced only by plants and some microbes, making it an essential vitamin in 
animal diets. It is also essential that those microorganisms and fungi that cannot synthesize it 
are able to absorb or ingest biotin. Plants are the major source of biotin in the biosphere, so 
understanding the synthesis, storage, and use of this cofactor in plants will benefit human 
nutrition as well as being interesting basic research. Biotin metabolism has been well-studied 
in microorganisms, particularly E. coli. Despite the importance of biotin synthesis in plants, 
little is known about biotin synthesis in this kingdom. Gene sequences for biotin-synthesis 
enzymes are now being identified in Arabidopsis, and the corresponding enzymes 
characterized. In plants, in contrast to E.coli in which there is little to no accumulation of 
free biotin, the majority of biotin is free rather than protein-bound (Duval et al., 1994; 
Shellhammer and Meinke, 1990; Wang et al., 1995). This difference in biotin content 
suggests differences in regulation of biotin synthesis between plants and E.coli, in which the 
biotin synthetic pathway and its regulation have been better elucidated (DeMoll, 1996; 
Eisenberg, 1987). 
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The "acetyl-CoA/biotin network" encompasses biotin metabolism (synthesis, direct 
utilization, recovery, and transport; Figure 1), processes that require biotin as an enzyme 
cofactor (Figure 2), and processes that are regulated by the biotin status of the organism 
independently of the two methods mentioned above. These include the phenomenon of 
biotin acting as a regulatory molecule of its own network as well as other processes and 
genes that respond to biotin as a metabolic signal. While much is known about biotin 
synthesis, utilization, and regulatory functions in microbes, and a fair amount is known about 
biotin utilization and regulation in animals, less is known about the biotin network in plants. 
Plants present unique problems due to the compartmentation of their metabolism, and the 
complexity of their biotin network. 
The role of biotin in biotinylated enzymes is to act as a catalytic cofactor by carrying 
the activated carboxyl group that participates in a number of carboxylation, decarboxylation, 
and transcarboxylation reactions (Figure 2). These reactions traverse both primary and 
secondary metabolim, including fatty acid synthesis, leucine catabolism, gluconeogenesis, 
and isoleucine and flavonoid production. 
Gene sequences of four biotin-containing enzymes have been discovered in 
Arabidopsis. These are homomeric acetyl-CoA carboxylase (hmACCase), heteromeric 
acetyl-CoA carboxylase (htACCase) (Ke et al., 2000), methycrotonyl-CoA carboxylase 
(MCCase) (Song et al., 1994), and a seed biotin protein (SBP; Job et al., 2001). Heteromeric 
ACCase and MCCase are multi-subunit proteins in which one of the subunits is biotinylated 
before assembly and activation of the enzyme. Activity of the biotin-containing enzymes 
propionyl-CoA carboxylase (PCCase), pyruvate carboxylase (PCase; Wurtele and Nikolau, 
1990), and geranoyl-CoA carboxylase (GCCase; Guan et al., 1999) is present in plants, but 
gene sequences for these enzymes have not yet been identified. PCCase activity is 
accomplished by ACCase (Sellwood et al., 2000), while PCase activity in plants seems to be 
realized through the action of a combination of non-biotinylated enzymes. The Arabidopsis 
genome, now fully sequenced, does not appear to contain a sequence encoding GCCase. 
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Recently, two types of biotin-containing proteins have been discovered in which 
biotin does not appear to serve a catalytic function. One of these is the plant-specific SBP 
which may serve as a form of biotin storage for the developing embryo (Duval et al., 1994; 
Hsing et al., 1998). Though not yet sequenced from plants, biotinylated histone proteins 
have been found in animals, where they provide a mechanism through which biotin regulates 
gene transcription (Chauhan and Dakshinamurti, 1991; Dakshinamurti and Li, 1994). 
The Arabidopsis genome contains several biotin carboxyl carrier protein (BCCP)-like 
genes that, though not yet characterized, appear to encode proteins that would contain biotin 
in their functional state. These might be subunits of those biotin enzymes whose activities 
have been detected in plant extracts but gene sequences have yet been identified. 
Alternatively, they might be significantly diverged paralogs of the BCCP biotin-containing 
subunit of heteromeric ACCase. Two genes for this subunit (CAC1-A and CAC1-E) have 
already been identified and are being compared extensively to determine whether and how 
they each participate in the active form of the heteromeric ACCase enzyme. 
The biotin metabolic network in plants has certain unique attributes. Biotin 
biosynthesis is believed to be a mitochondrial process. However, biotin-requiring processes are 
distributed among diverse subcellular and cellular compartments, including the cytosol and 
plastid as well as mitochondria. This necessitates the presence of transport mechanisms to 
allow biotin to move between these compartments. In addition, there may be unique, plant-
specific functions of this molecule. 
To date, only three genes of biotin-metabolism have been molecularly isolated and 
characterized from plants. These are BI02 (Weaver et al., 1996), HCS (Tissot et al., 1997; 
Denis et al., 2002), and the biotin/sucrose-HT symporter (Ludwig et al., 2000) (Figure 1). The 
BI02 gene codes for biotin synthase, the terminal enzyme in the biotin synthesis pathway 
(Baldet and Ruffet, 1996; Patton et al., 1996; Weaver et al., 1996). Subsequently, a deletion 
allele of the bio2 locus was described, which has a biotin auxotrophic, embryo-lethal 
phenotype (Patton et al., 1998). As expected from the putative mitochondrial localization of 
biotin synthesis, biotin synthase is a mitochondrial enzyme. 
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The biol mutation of Arabidopsis (Schneider et al., 1989; Meinke, 1990, 
Shellhammer and Meinke, 1990) defines a fourth biotin-metabolism gene, which has recently 
been cloned. The BIO I gene (At5g57590) thus identified encodes adenosylmethionine-8-
amino-7-oxononanoate aminotransferase (DAPA synthase), an aminotransferase homologous 
to the E. coli locus bioA. Sequence-based analysis of the Arabidopsis genome indicates that a 
single copy gene encodes DAP A synthase in this species. BIOl catalyzes a late step in biotin 
synthesis, the conversion of 8-amino-7-oxononanoate (KAPA) and S-adenosylmethionine to 
7,8-diaminononanoate (DAPA) and S-adenosyl-4-methylthio-2-oxobutanoate (Figure 2). 
The previously-characterized biol mutation (Schneider et al., 1989; Meinke, 1990; 
Shellhammer and Meinke, 1990) is a single nucleotide substitution at a splice site, which 
leads to production of a nonfunctional transcript. The biol auxotrophic mutant is 
characterized by an inability to grow for longer than 8 to 10 days without supplemental 
biotin, due to a block in the biotin synthesis pathway. Seedlings are able to survive for a 
short time by utilizing the biotin provided in maternal stores of SEP, but they die when this 
source is depleted (Schneider etal., 1989). 
Biotin serves not only as an integral part of enzymes and proteins, but also as a 
regulator of gene expression. In bacteria, the presence of free biotin suppresses further biotin 
biosynthesis. The higher accumulation of biotin in plants, however, suggests that biotin 
either does not suppress its own formation in plants, or that the threshold for inhibition in 
these organisms is much higher than in E. coli. In animals, biotin acts as both a 
transcriptional and post-transcriptional regulator of genes inside and outside of the biotin 
network. This regulatory mechanism may also exist in plants. Recent studies of the 
regulation of the Arabidopsis BI02 gene (Patton et al., 1996) and of the regulation of 
MCCase expression (Che et al., 2003) indicate that Arabidopsis has biological mechanisms 
for measuring the biotin status of the tissue and transducing that information into changes in 
gene expression. Specifically, the expression of BIOl and BI02 genes appears to be 
coordinated. When biotin is depleted in the biol mutant, accumulation of the BI02 mRNA is 
induced (Patton et al., 1996). In addition, the BI02 protein hyper-accumulates in the biol 
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mutant and the expression of a BI02::GUS transgene is strongly induced when it is carried in 
the biol mutant background (P. Che, unpublished data). Similarly, the expression of a 
CAClAr.GUS transgene is strongly induced when it is carried in the biol mutant background 
(C.C. Allred, unpublished data). These results indicate that biotin can control the expression 
of some genes by suppressing their transcription. 
In addition, we have found that the light-regulated transcript accumulation of the 
MCCase genes (as measured withMCCA::GUSandMCCBr.GUStransgenes) is biotin-
dependent (Che et al., 2003). Post-transcriptional processing of MCCase is apparently up-
regulated in the absence of biotin (i.e., in the biol mutant) (Che et al., 2003). Thus, the 
regulation of biotin synthesis itself depends on the synthesis of biotin. This bioinformatic 
approach will help to identify and characterize Arabidopsis genes that are required in biotin 
metabolism or processes that involve biotinylated enzymes. It may also establish whether 
biotin status of the plant affects processes in which biotin is not directly involved, and allow 
examination of coordination of gene expression within the extended biotin network. 
RESULTS AND DISCUSSION 
Categories defined by this experiment 
Transcript profiling of four different genetic and environmental treatments that 
altered the biotin status of Arabidopsis seedlings was done with the Asymetrix GeneChip 
Arabidopsis Genome Array representing approximately 8,000 Arabidopsis mKNAs. 
Statistical and visualization tools used for the analysis of this multi-dimensional data were 
the Java-based programs FC Modeler and MapMan, the statistical tool GeneGobi, and the 
commercial GeneSpring software. These tools have allowed us to profile the genome-wide 
expression changes associated with a key mutation in the biotin network, shedding new light 
on the regulatory functions of biotin. 
This experiment compared profiles of mKNAs from ten-day old biol mutant 
(genotype biol/biol) and wild-type (genotype BIOl/BIOl) seedlings, grown either in the 
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presence of absence of 1 mM exogenous biotin. Mutant biol seedlings show a wild-type 
phenotype for the first 8 to 10 days after planting, but as biotin reserves are depleted, 
development is arrested, and the plants die. This phenotype can be complemented by an 
exogenous supply of biotin (Schneider et al., 1989; Shellhammer and Meinke, 1990). In 
order to separate effects of biotin deficiency from pleiotropic effects of premature 
senescence, the biol mutant plants were harvested for this experiment before the visual 
appearance of an aberrant phenotype. Each experimental unit was replicated twice, for a 
total of eight genechips representing four different combinations of genotype and treatment, 
^supplemented biol mutants are designated bio 1-0, biol mutants supplemented with biotin 
are designated biol-B, unsupplemented wild-type plants are designated WT-0, and wild-type 
plants treated with exogenous biotin are designated WT-B. Thus, the internal biotin status of 
the plant could be manipulated from near zero levels (untreated biol mutant plants; biol-0), 
to normal levels of biotin (wild-type BIO 1/BIO 1 genotype; WT-0), to hyper-accumulated 
levels of biotin (wild-type grown with supplemental biotin; WT-B). Experiments are 
underway to confirm internal biotin concentration of plant cells grown under these 
conditions. 
Several categories of genes can be defined based on the changes between 
genotype/treatment experimental units. Those transcripts that are altered similarly in both 
the WT-0-to-WT-B and biol-O-to-biol-B comparisons probably represent genes that respond 
specifically to the presence of exogenous biotin (Figure 3 A). The supplemental biotin 
available to plants in this experiment should be in great excess of the natural concentration of 
biotin in the cell. This hypothesis is supported by the instances in which the biol mutant 
{biol-B) and the wild-type plant (WT-B) show similar stress-related responses to the 
presence of this exogenous biotin. The mKNAs that show altered transcript accumulation in 
the comparison WT-O-to-biol-0, but not the comparison WT-0-to-WT-B, are likely to 
represent genes whose expression is altered by changes in flux through a biotin-dependent 
pathway, or a more pleiotropic effect of the reduction of biotin in the seedlings (Figure 3B). 
82 
Normalization of the data 
In order to compare various methods currently being used for normalization of 
microarray data, three different methods were used for the analysis of these data. In addition, 
this allowed genes that appeared interesting only because of artifacts related to the 
normalization method to be excluded from analysis, and decreased false positive hits. The 
Global Scaling method of data normalization, implemented through the Asymetrix Microarray 
Suite software (version 5.0), is the most widely used method of normalization for biological 
analysis of genechip experiments. The Robust Mean Average (RMA) method of normalization 
(Izirarry et al., 2003), implemented through GeneGobi (Cook et al., in preparation), relies on 
the quantité method and log: conversion (Bolstad et al., 2003), which gives a nearly-normal 
statistical distribution, but in doing so minimizes the reported fold-changes between points, so 
that a very small number of genes appear to show very small, yet statistically significant, 
changes in expression. The Average Difference (AvDiff) method of normalization 
(Asymetrix, 1999), implemented through GeneGobi, gave nearly the same results as the 
Global Scaling method, in the identities of genes that change, the number of genes changed, 
and the fold-changes of these genes. In this manuscript, all three normalization methods are 
used to draw conclusions, but we present the values achieved using the Global Scaling method 
to allow comparison with other experiments. 
Changes in RNA accumulation 
A number of genes show significant changes in expression across all normalization 
methods, including RMA (Table 1). Since in this case the same result was observed no matter 
how the data was processed, these are the genes whose altered transcript profiles are most 
likely to be response to the biotin status of the plant tissue. In particular, transcript 
accumulation of a putative major latex protein gene (AT2G01520; Nessler and Burnett, 1992) 
is significantly reduced in the biol mutant (biol-0) but recovers when supplemental biotin is 
added. A jacalin lectin family protein similar to myrosinase-binding protein homolog 
(AT2G39330), and a glycosyl hydrolase similar to glucan endo-1,3 -beta-glucosidase 
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(AT3G57260), both reported to be involved in plant defense against pathogens (Gu et al., 
2002), show increased transcript accumulation in the biol mutant (biol-0) compared to the 
non-biotin deficient samples. These changes indicate that the biol mutant may be responding 
to the absence of biotin, a crucial cofactor, as it would respond to invasion of a foreign 
pathogen. 
Among the approximately 8,000 transcripts that were profiled in this experiment, 123 
mRNAs were up-regulated (5- to 243-fold) and 111 were down-regulated (5- to 53-fold) in the 
biol mutant compared to wild-type plants without addition of exogenous biotin (biol-0 
compared to WT-0) (Figure 4). This comparison shows the greatest total number of changes 
(5-fold or higher) between conditions. Transcript levels of forty-five mRNAs were up-
regulated (5- to 17-fold) and 84 were down-regulated (5- to 13-fold) in wild-type plants grown 
in the absence compared to those grown in the presence of supplemental biotin (WT-0 to WT-
B). The greatest fold-change differences in transcript accumulation, ranging from 5- to 335-
fold, occurred between the biol mutant with and without supplemental biotin (biol-B to biol-
0). Ninety-nine genes were up-regulated in the biol-B and 119 were down-regulated in this 
comparison. Interestingly, the fewest overall differences in transcript accumulation occurred 
between the biol and wild-type plants supplemented with biotin {biol-B to WT-B). This 
indicates that some genes in the wild-type plants are responding to biotin in the same way as 
are the biol mutant plants. For both the biol-B and WT-B plants, biotin is hyper-
accumulating, thus, many of the changes in transcript accumulation may be due to the effects 
of exogenous biotin rather than to the genetic background of the plants. 
Specific categories of genes are altered in expression under the various treatments 
(Table 2). In particular, accumulation of transcripts with functions classified as DNA/RNA 
metabolism is increased in the biotin-supplemented compared to the unsupplemented WT 
plants. Development-related genes are preferentially induced in the biol-B, as are genes 
involved in secondary metabolism. When compared to WT-0, genes involved in cell wall 
metabolism, carbohydrate metabolism, and transport are up-regulated in the biol-0, and genes 
involved in secondary metabolism are down-regulated. Stress-responsive and DNA/RNA 
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metabolism genes are down-regulated in the biol-0 when compared to WT-0, and down-
regulated to a greater degree in the WT-B and biol-B (Figure 5). 
A putative pyruvate decarboxylase, isozyme 2 (AT4G33070) has 6-fold greater 
transcript accumulation in the biotin-supplemented biol mutant than the untreated wild-type. 
This enzyme might be positively regulated at the level of transcription by the presence of 
excess biotin, or limited in the wild-type condition by availability of biotin. Transcript of L-
allo-threonine aldolase (AT1G08630), encoding an enzyme that produces the biotin precursor 
acetaldehyde from L-allo-threonine, is decreased 5.6-fold in the biol mutant compared to WT-
0. This might suggest that absence of ability to complete the biotin synthesis pathway down-
regulates earlier steps in the pathway, or that there is feedback inhibition of the whole biotin 
synthesis pathway due to accumulation of a later intermediate in the pathway. 
Among the genes with altered expression in the biol mutant compared to wild-type 
{biol-0 to WT-0) a small number (fifteen) had their expression returned to wild-type levels) by 
biotin supplementation (Table 3). One of these genes encodes a chlorophyll binding protein 
involved in photosynthetic light harvesting (AT3G27690); three encode oxygen-binding 
proteins involved in mitochondrial electron transport (AT4G13290; AT4G13310/AT2G30750; 
and AT2G30770); one encodes a pectate lyase {At59, AT1G14420), involved in cell wall 
organization and biogenesis (Kulikauskas and McCormick, 1997); one encodes the enzyme 1-
aminocyclopropane-1 -carboxylate synthase (ACS1, ATI GO 1480) involved in ethylene 
synthesis (Liang et al., 1995); one encodes leucoanthocyanidin dioxygenase (LDOX, 
AT4G22880) involved in anthocyanin synthesis, proanthocyanidin synthesis, and vacuole 
development (Abrahams et al., 2003); one encodes 4-coumarate-CoA ligase (AT4G19010), 
involved in isoprenoid synthesis; and two are sequences of unknown function (AT5G01600 
and AT1G12080). 
It should be noted that this list does not contain any known or putative biotin-containing 
enzymes. This may be due to the time of sampling, at which maternal biotin stores may still be 
sufficient for functioning of these enzymes. However, the list of "rescued" genes does contain 
two genes involved in formation of secondary metabolites that require acetyl-CoA to be 
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carboxylated to malonyl-CoA upstream of the affected genes, and two unidentified sequences, 
which could represent undiscovered biotin-containing enzymes, "unknowns" in the biotin 
network, or truly novel biotin-related genes. 
Expression of genes in the biotin network 
Patterns of expression of biotinylated proteins and genes with confirmed or putative 
involvement in biotin synthesis, recovery, or transport were examined (Table 4; Figure 6). 
These did not show dramatic changes at the timepoint of this experiment, but nearly all had the 
highest expression in the wild-type condition, and the lowest expression in the biol mutant. 
These transcript accumulation patterns would support the hypothesis that the biol mutant 
down-regulates production of proteins it will not need (due to lack of biotin) or that will be 
nonfunctional (due to lack of biotinylation). A putative L-allo-threonine aldolase/acetaldehyde 
lyase (AT1G08630) shows dramatic change across conditions tested. Overall, this transcript 
accumulates to a high level. The gene SUT4 (AT1G22710; Weise et al., 2000), encoding a 
biotin/sucrose-H+ transporter, is expressed to the highest level in the biol-B, with lowest level 
in the biol-0. Transcript accumulation in the wild-type does not appear to be affected by 
hyper-accumulation of biotin. The three subunits of heteromeric acetyl-CoA carboxylase 
represented in this experiment, CAC1A (AT5G16390), CAC2 (AT5G35360), and CAC3 
(AT2G38040), vary together throughout the conditions tested, though the level of CAC2 is 
higher than the others. This confirms previous results that indicate transcriptional co-
regulation of the subunits of heteromeric ACCase (Ke et al., 2000). All ACCase genes 
represented on the genechip used for this experiment: CAC1A, CAC2, and CAC3, as well as 
ACC1 (AT1G36160), encoding cytosolic homomeric ACCase, have the highest transcript 
accumulation in the WT-0, the lowest in the biol-0, and are repressed from their highest level 
by addition of supplemental biotin, so that transcript accumulation in both biol-B and WT-B is 
lower than in WT-0 but higher than in biol-0. Since functional ACCase must be biotinylated, 
this regulation may be due to the absence of an essential cofactor. However, this does not 
explain why transcript levels were lower in the treated than in the untreated wild-type. The fact 
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that transcript accumulation in the biol-B is nearly the same as in the WT-B could indicate 
"partial rescue" to the wild-type condition in biol-B. Alternatively, the biol mutant might be 
fully rescued to full capacity to produce these gene products, and then repressed by exogenous 
biotin by the same mechanism that causes transcript level to be lower in WT-B than WT-0. 
Further experimentation to determine which of these is occurring might include addition of 
smaller amounts of supplemental biotin to the mutant, in an effort to rescue phenotype to the 
wild-type condition without reaching the threshold necessary for hyper-accumulated-biotin 
induced repression. Measurement of internal cellular biotin concentrations should help to 
determine the cause of these observations. As is the case with ACCase, the two subunits of 
MCCase, MCC-A (AT1G03090) and MCC-B (AT4G34030), show a similar pattern of 
transcript accumulation across the conditions tested, as would be expected from previous 
reports on transcriptional co-regulation of MCCase (Che et al., 2003). 
Transcript accumulation of two ATP citrate lyase genes, ACLA-2 and ACLA-3, is down-
regulated when supplemental biotin is added to wild-type plants. If this observation holds true 
for the ACL subunits not represented on this genechip, and transcript levels of ACL truly are 
decreased, this may be due to down-regulation of pyruvate dehydrogenase and decreased 
supply of mitochondrial acetyl-CoA necessary for production of citrate exported to the cytosol 
for use by ACL. Downregulation of pyruvate dehydrogenase might be a consequence of 
increased activity of the biotin-containing pyruvate carboyxlase consuming pyruvate that might 
otherwise be directed through pyruvate dehydrogenase to the TCA cycle. 
Expression of genes of the TCA cycle and photosynthesis 
Visualization of the genechip data using FC Modeler and MapMan highlights the TCA 
cycle (Table 5) and the light reactions of photosynthesis (Table 6) as two areas of primary 
metabolism that were altered under the treatments of this experiment. The phenotypic effects 
of down-regulation of these processes were not yet apparent in the plants at time of harvest. 
Overall expression of TCA-cycle-related genes is decreased in the biol-0 compared to wild 
type. The presence of supplemental biotin in the media (true for WT-B and biol-B) also 
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decreases the level of transcript accumulation of particular genes involved in the TCA cycle 
from their wild-type level (Figure 7). Most subunits of mitochondrial pyruvate dehydrogenase, 
the enzyme that forms mitochondrial acetyl-CoA fated primarily for the TCA cycle, have lower 
transcript accumulation in the WT-B compared to untreated wild-type. Aconitase, the enzyme 
that converts citrate to isocitrate as an early step in the TCA cycle, is slightly elevated in biol-0 
compared to WT-0. This may suggest that the anaplerotic reactions that supply substrate to the 
TCA cycle, many of which involve biotinylated enzymes, are more important to the 
continuation of that energy-producing cycle in seedlings than was previously thought. 
Transcript accumulation of malate oxidoreductase (similar to NADP-malic enzyme; a 
mitchondrial enzyme that can convert malate into pyruvate; Lobit et al., 2003) is also increased 
in WT-B compared to WT-0. 
The genes involved in the light reactions of photosynthesis showed reduced expression 
in the biol mutant. The biol plants were harvested for this experiment before appearance of an 
aberrant phenotype. Nonetheless, the decrease in photosynthetic transcripts in the biol mutant 
at 10 days after planting may foreshadow the decrease in the ability of the biol plants to sustain 
normal photosynthesis. There is a lag time between a change in transcript levels and the 
appearance of the associated phenotype, due to the lag time in the processes of translation and 
protein accumulation (Pruzinska et al., 2003). It appears that not only do mRNA levels of 
genes involved in photosynthetic light reactions return to wild-type levels in the biol-B, but 
mRNA levels of these genes are increased in biol-B compared to WT-0 (Figure 8). There is a 
marked decrease in transcript accumulation for the genes of the light reactions in the biol-0 
compared to the other conditions. The WT-0 had the highest overall RNA accumulation for 
nearly all RNAs in this metabolic process; these RNAs show a slight decrease in WT plants 
grown with exogenous biotin. The lowest transcript levels were seen in the biol-0. 
Supplementation with biotin made very little difference, except that a chlorophyll A-B binding 
protein (AT3G27690) showed an increase in transcript accumulation (dramatic in biol-B). 
Transcript accumulation of this gene was lowest in biol-0 (9-fold difference between WT-B 
and biol-0), and similar in the other three conditions, but highest in the biotin-supplemented 
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plants. Transcript accumulation of the P subunit of ATPase (ATCG00480) was lowest in the 
WT-0, and highest in the biol-0. Transcript accumulation of this gene was not changed 
significantly by addition of biotin. 
Mirroring the pattern seen in light-reaction genes, transcript accumulation of 
particular genes involved in chlorophyll biosynthesis is highest in WT-0, and lowest in biol-
0 (Figure 9). A group of genes involved in general porphyrin ring biosynthesis 
(AT2G40490, uroporphyrinogen decarboxylase; AT4G01690, protoporphyrinogen oxidase; 
ATIG58290, AT2G31250 and AT1G09940, glutamyl-tRNA reductases; and AT3G48730, 
glutamate-1 -semialdehyde 2,1-aminomutase) has dramatically decreased transcript levels in 
the plants with reduced (biol-0) or hyper-accumulated (biol-B and WT-B) biotin levels. 
Another group of genes (AT3G51820, chlorophyll synthetase; AT4G27440, 
NADPH:protochlorophyllide oxidoreductase; and AT5G54190, protochlorophyllide 
reductase), which come later in the pathway, and are responsible for the differentiation of 
chlorophyll (Buchanan et al., 2000) are decreased only in the biol-0, recovered to wild-type 
levels in biol-B, and unaffected in WT-B. 
Stress responses 
An increase in RNAs involved in the breakdown of fatty acids to stress-signaling 
compounds in the lipoxygenase and jasmonic acid pathways appears to be highly dependent 
on both the biotin status of the organism and the presence of exogenous biotin. Up-
regulation of the lipoxygenase and jasmonic acid pathways in the biol-0 is probably related 
to the high stress experienced by the biotin-deficient seedlings. The transcripts of 
AT1G17420 (lipoxygenase; Heitz et al., 1997), AT1G76690, and AT1G76680 (both 12-
oxophytodienoate reductases, involved in jasmonic acid biosynthesis; Sobajima et al., 2003) 
accumulate concurrently, reaching their highest levels in the WT-0 and dropping to their 
lowest levels in the untreated biol-0. Another lipoxygenase, ATIG55020 (LOX1; Melan et 
al., 1994; van Wees et al., 1999) has a pattern of transcript accumulation opposite the one 
shown by the other three genes above; highest in the biol-0, lowest in the WT-0, and 
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intermediate in the two samples with supplemental biotin. All four of these transcripts are 
present at an intermediate level in the WT-B. 
The greatest observed change in stress responses is between WT-0 and WT-B plants. 
Many heat-shock genes are elevated in the WT-0, which may be due to unforseen 
experimental conditions. "Heat-shock" transcripts have been found to be elevated by many 
kinds of treatments including a variety of stresses (Wang et al., 2004), and may not 
necessarily indicate that the plants were too warm. However, it is curious that these would 
be up-regulated in the untreated wild-type in this experiment. 
Future work 
These biotin genechip experiments will be repeated using the newer full-genome chip 
from Affymetrix. This will replicate the data presented here, and hopefully lead to new 
discoveries about the genes not represented on the 8,000-gene Asymetrix chip used for this 
experiment. Notably absent from this data set were CACIB and accD subunits of heteromeric 
ACCase; ACC2, the other homomeric ACCase; a number of subunits of ATP citrate lyase; 
several subunits of pyruvate dehydrogenases that generate plastidic and mitochondrial acetyl-
CoA; acetyl-CoA synthetase, which generates plastidic acetyl-CoA under some conditions; 
holocarboxylase synthetase, which is responsible for biotinylation of biotin-containing 
enzymes; and the biotin-synthesis genes dethiobiotin synthase and BIOl. 
Measurement of internal biotin concentrations, protein levels, and enzyme activities 
will give further insight into the possibilities that were brought to light by this snapshot of the 
transcriptome of Arabidopsis with altered biotin status. 
MATERIALS AND METHODS 
Wild-type (BIOl/BIOl) and biol mutant (biol/biol) Arabidopsis seedlings were grown 
on MS media (Murashige, 1973) either with or without 1 mM additional biotin. Seedlings 
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were grown for 10 days, and their RNA extracted using using a TRIzol based extraction 
protocol (Stanford Arabidopsis Functional Genomic Consortium; AFGC, 2002). Collection of 
samples for each treatment was performed twice. Each RNA extraction represents an 
independent pool of plants. Each experimental condition (genotype/treatment) was run on two 
different GeneChips (ASyArab GeneChips from Asymetrix, Santa Clara, CA). Labeled 
cRNA synthesis, hybridization with Arabidopsis GeneChips, and scanning of the probe array 
were carried out at the University of Iowa DNA Facility (Iowa City, IA). All techniques used 
were as recommended by ASymetrix. Hybridization intensities were collected using an 
Agilent GeneArray Scanner (Agilent Technologies, Palo Alto, CA). Signal values, 
representing relative expression intensities, were generated using Microarray Suite software 
(version 5.0; ASymetrix). These were calculated using the one-step biweight estimate of the 
combined differences of all probe pairs in a probe set. Data were normalized with global 
scaling, adjusting the median expression level of each chip to 1500. This allows comparison of 
relative signal values between GeneChips. For use in GeneSpring, median expression level of 
each chip was adjusted to 1.00 by dividing all signal values by 1500. 
In order to compare statistical methods, hybridization intensities were also 
normalized using the Robust Median Average (Irizarry et al., 2003), and Average Difference 
(Asymetrix, 1999) methods. Repetitions of each experimental condition were averaged after 
normalization was performed. Results from all three normalizations were compared to 
determine whether each was truly a change in gene expression, or just an artifact of the 
analysis methods used. 
GeneSpring (Silicon Genetics, Redwood City, CA) was used to generate probe lists. 
FCModeler (http://www.vrac.iastate.edu/research/sites/metnet/FCModeler/index.php; 
Dickerson et al., 2003; Wurtele et al., 2003) was used to model and visualize metabolic 
networks, and to display GeneChip expression data. MapMan 
(http://gabi.rzpd.de/projects/MapMan; Thimm et al., 2004) was used to visualize the overlay 
of expression data onto metabolic networks. Genes were functionally categorized based on 
prior literature, TAIR annotations (The Arabidopsis Information Resource; 
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http://www.arabidopsis.org), MIPS annotations (Munich Information Center for Protein 
Sequences; http://mips.gsf.de/projects/fimcat) and additional gene descriptors located via the 
AtGeneSearch tool (http ://get. gdcb. iastate. edu/Lixiaforggobi/search/index. php). 
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Figure 2. A portion of the biotin network. 
Biotinylated enzymes are shown in red. Only enzymes whose activities have been 
discovered in plants are shown. Those with genes identified in plants are marked with an 
asterisk (*). 
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Figure 3. Categories of genes altered by biotin status. 
GO annotations are from the Gene Ontology section of Aracyc. MIPS annotations are from 
the Munich Information Center for Protein Sequences. 
A. Genes whose expression is changed 2-fold or more when biotin is added to growth media. 
B. Genes whose expression is altered by changes in flux through a biotin-dependent pathway. 
Unknown genes have been removed for clarity. 
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bio1-0>blo1-B fold-change difference 
RMÀ Global 
LocusJD 8k Affy ID (log2 scale) Scaling AvPiff Description 
AT4G36700 13449 at 1.50 14.42 139.21 cupin 
AT2G39330 17273_at 1.51 33.60 398.26 putative myrosinase-binding protein, jacalin lectin family 
AT2G43510 19171 at 1.54 11.67 12.67 trypsin inhibitor 
AT3G57260 13212 s at 1.55 41.05 32.46 beta-1,3-glucanase mRNA, glycosyl hydrolase 
AT1G62420 17681_at 1.59 20.79 128.79 expressed protein 
bio1-B>blo1-0 
AT2G01520 16016 at 2.03 41.42 71.95 low similarity to major latex protein 
AT5G46900 16489 at 1.60 66.23 106.56 
protease inhibitor/seed storage/lipid transfer protein (LTP) 
family protein 
AT2G01530 12758_at 1.58 13.35 16.00 low similarity to major latex protein 
AT4G11320 12746_Lat 1.57 10.31 11.90 cysteine proteinase RD21A 
AT4G11310; 
AT4G11320 12748_f_at 1.56 14.09 15.12 cysteine proteinase, similar to RD21A 
AT5G20630 15160_s_at 1.52 24.31 21.36 germin-like protein (GER3) 
bio1-0>WT-0 
AT4G11650 16914_s_at 1.51 12.41 15.72 osmotin precursor 
AT4G36700 13449 at 1.54 21.96 171.56 cupin 
AT2G39330 17273_at 1.54 18.93 90.34 putative myrosinase-binding protein, jacalin lectin family 
AT3G57260 13212_s_at 1.63 243.06 3205.28 beta-1,3-glucanase mRNA, glycosyl hydrolase 
VfT-Q>blo1-0 
|AT2G01520 |16016_at | 1~84 25.86] 33.69| low similarity to major latex protein 
blo1-0>WT-B 
AT2G24850 17008 at 1.50 11.61 10.52 
aminotransferase, similar to nicotianamine 
aminotransferase 
AT1G02920 16053 i at 1.51 12.87 17.53 glutathione transferase 
AT4G36700 13449_at 1.52 25.70 89.21 cupin 
AT2G39330 17273_at 1.52 23.06 122.12 putative myrosinase-binding protein, jacalin lectin family 
AT1G33960 12879 at 1.52 8.30 13.61 avirulence induced gene (AIG1) 
AT2G43510 19171_at 1.55 10.76 11.81 trypsin inhibitor 
AT2G30750; 
AT2G30770 14609_at 1.57 9.80 31.38 putative cytochrome P450 
AT3G57260 13212 s at 1.60 27.64 31.58 beta-1,3-glucanase mRNA, glycosyl hydrolase 
WT-B>«of-0 
AT4G11320 12746_Lat 1.55 60.80 105.83 cysteine proteinase RD21A 
AT4G11310; 
AT4G11320 12748_f_at 1.53 10.35 12.42 cysteine proteinase, similar to RD21A 
AT2G01530 12758 at 1.52 14.00 16.00 low similarity to major latex protein 
AT2G01520 16016_at 2.10 12.47 15.33 low similarity to major latex protein 
AT5G46900 16489 at 1.52 55.45 83.51 
protease inhibitor/seed storage/lipid transfer protein (LTP) 
family protein 
Table 1. Genes that showed significant changes using all three normalization methods. 
Transcripts listed above showed at least 1.5-fold change using the Robust Median Average 
method, at least 5-fold change using the MAS 5.0 Global Scaling method, and at least 5-fold 
change using the Average Difference method. No genes in the comparisons biol-B to WT-0, 
biol-B to WT-B, or WT-0 to WT-B showed significant changes using all 3 normalization 
methods. 
101 
I 
« 
X 
•o 
s 
CD g 
5 
350 
250 
150 
50 
-50 
| -150 
-250 
bio1-B bio1-B 
wr-o 
WT-B bio1-B WT-B 
1-0 WT-B WT-0 WT-0 bio1-0 
-350 J-
350 
250 
150 
-150 
I 
S 
n 
o 
e> O) 
c 
m 
I 
i 
-250 
-350 
0# up 
0 greatest 
fbldchange + 
E #  down 
0 greatest 
fbldchange -
Figure 4. Number of genes altered, and maximum fold-change value, for all possible 
comparisons between samples. 
These foldchanges were calculated using data normalized by the Global Scaling method. 
Numbers are positive when the first member of the pair (shown above the x-axis) shows 
higher transcript accumulation, and negative when the second member of the pair (shown 
below the x-axis) shows higher transcript accumulation. 
102 
fold-
LocusJD 8k Affy ID change Description Biological Process 
WT-B > WT-0, 5-fold or greater change 
DNA/RNA METABOLISM 
AT4G18130 14629_r_at 11.63 phytochrome E (PHYE) 
regulation of transcription, 
DNA-dependent 
AT1G35515 12729 r at 10.01 MYB transcription factor 
regulation of transcription, 
DNA-dependent 
AT1G43160 19673 Q at 9.41 AP2 domain-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT1G22810 19767_at 8.16 AP2-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT5G40350 17605 at 8.12 MYB family transcription factor 
regulation of transcription, 
DNA-dependent 
AT4G15570 20498 at 7.11 tRNA-splicing endonuc lease tRNA splicing endonuclease 
AT1G59890 18919_at 5.65 similar to transcription co-repressor Sin3 
regulation of transcription, 
DNA-dependent 
AT2G31210 19550 at 5.65 basic helix-loop-helix family protein regulation of transcription 
AT5G62470 18044 f at 5.43 MYB family transcription factor regulation of transcription 
AT4G32700 16750 at 5.07 
DNA-directed DNA polymerase, similar to DNA 
helicase DNA replication 
bio1-B > WT-0, 5-fold or greater change 
DEVELOPMENT 
AT4G17670 18660_at 10.09 similar to senescence-associated protein SAG102 senescence 
AT4G36930 19740 at 6.93 
basic helix-loop-helix family protein SPATULA 
(SPT) flower development 
AT4G17280 12126 at 6.74 auxin responsive family, similar to AIR 12 development 
LIPID METABOLISM 
AT4G33070 17920 s at 6.17 pyruvate decarboxylase glyoxylate cataboiism 
SIGNAL TRANSDUCTION 
AT5G54840 18054 at 6.88 GTP-binding family protein 
small GTPase mediated signal 
transduction 
AT1G04660 14092 at 5.45 glycine-rich protein 
G-protein coupled receptor 
protein signaling pathway 
AT2G25420 17713 at 5.14 transducin family protein signaling 
Table 2. A subset of the genes changed 5-fold or more using the MAS 5.0 Global Scaling 
method. 
Transcript accumulation for these genes was changed 5-fold or more in the given 
comparison. These genes are of special interest as discussed in the text. 
103 
fold-
LocusJD 8k Affy ID change Description Biological Process 
WT-0 > bio1-B, 5-fold or greater change 
SIGNAL TRANSDUCTION 
AT4G25810 17533_s_at 10.01 putative xyioglucan endotransgiycosylase 
G-protein coupled receptor 
protein signaling pathway 
AT2G31650 19491_at 7.43 Trithoraxl ; activates flower homeotic genes intracellular signaling cascade 
AT2G25350 13928 at 6.92 phox domain-containing protein intracellular signaling cascade 
AT2G02170 17162_at 5.63 remorin family protein cell to cell signaling 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT5G12020 13279 at 36.81 heat shock protein response to heat 
AT2G34930 12251_at 26.85 disease resistance family protein defense response 
AT5G12030 13278_f_at 22.24 heat shock protein hyperosmotic response 
AT1G11960 18995 at 20.93 early-responsive to dehydration-related (ERD4) response to water deprivation 
AT3G46230; 
AT3G46220 13275_f_at 18.66 heat shock protein response to heat 
AT1G53540 13276_at 18.10 heat shock protein response to heat 
AT5G12030 13277 i at 12.28 heat shock protein hyperosmotic response 
AT1G59860 18945_at 10.43 heat shock protein response to heat 
AT4G25200 13282 s at 8.94 
mitochondrial small heat shock protein (HSP23.6-
M) response to heat 
AT2G17840 13004_at 8.74 senescence/dehydration associated protein response to water deprivation 
AT5G52640 13285_at 8.33 heat shock protein (HSP81-1) response to heat 
AT1G74310; 
AT1G74300 13274 at 7.85 heat shock protein 101 response to heat 
AT1G65390 19577 at 7.54 disease resistance protein, TIR class 
defense response signaling 
pathway, resistance gene-
dependent 
AT4G18470 17598_g_at 7.21 
SNI1, negative regulator of systemic acquired 
resistance systemic acquired resistance 
AT1G17420 18668_at 7.13 lipoxygenase defense response 
AT1G54050 15404_at 7.11 heat shock protein response to heat 
AT2G29500 20323_at 6.53 heat shock protein response to heat 
AT3G16050 16617 s at 6.01 stress responsive protein, ethylene-inducible response to ethylene stimulus 
AT4G31870 20705_at 5.47 glutathione peroxidase response to oxidative stress 
AT4G36010 20384_at 5.31 thaumatin famil protein response to pathogen 
AT4G23190 12278_at 5.30 protein kinase 
defense response to 
pathogenic bacteria, 
incompatible interaction 
AT2G27080; 
AT2G27090 15392_at 5.11 harpin-induced protein-related defense response 
SECONDARY METABOLISM 
oxidoreductase, similar to flavonol synthase and 
AT2G38240 19284 at 8.41 leucoanthocyanidin dioxygenase flavonoid biosynthesis 
Table 2. Continued 
104 
fold-
Locus JD 8k Affy ID change Description Biological Process 
biol'O > WT-0, 5-fold or greater change 
CELL WALL 
AT1G14070 15567 at 6.47 xyloglucan fucosyttransferase cell wall biosynthesis 
AT3G44990 12609 at 6.01 xyloglucan endotransgiycosyiase cell wall biosynthesis 
AT2G47030 14024 s at 5.76 pectines terase cell wall modification 
AT2G43580 18932 at 5.33 chitinase cell wall catabolism 
CARBOHYDRATE METABOLISM 
AT4G39210 16413 s at 10.13 
glucose-1-phosphate adenylyltransferase large 
subunit 3 (APL3) starch biosynthesis 
AT4G16260 17485 s at 9.81 
glycosyl hydrolase family 17, similar to giucan endo-
1,3-beta-glucosidase carbohydrate metabolism 
AT4G25000 16859_at 8.36 alpha amylase glycogen catabolism 
AT5G24090 12852 s at 7.66 acidic endochitinase carbohydrate metabolism 
AT4G24010 17940 g at 6.01 cellulose synthase polysaccharide biosynthesis 
AT1G55740 18797_at 5.60 alkaline alpha galactosidase carbohydrate metabolism 
AT2G37440 19065 at 5.42 similar to inositol polyphosphate 5-phosphatase I carbohydrate metabolism 
AT1G78860 17440_i_at 5.13 lectin carbohydrate metabolism 
TRANSPORT 
AT4G23700 13627 at 27.85 cation/hydrogen exchanger, putative (CHX17) cation transport 
AT4G16920 20208 at 7.46 disease resistance protein (TIR-NBS-LRR class) transport 
AT4G08570 18335_at 7.38 
heavy-metal-associated domain-containing protein / 
copper chaperone (CCH)-related mercury ion transport 
AT1G61800 17775 at 5.29 glucose-6-phosphate/phosphate translocator hexose phosphate transport 
AT2G45220 20269 at 5.06 pectinesterase dicarbaxylic acid transport 
WT-0 > bio1-0, 5-fold or greater change 
DNA/RNA METABOLISM 
AT4G34410 19108_at 52.81 AP2 domain-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT2G26150 12431_at 11.23 heat shock transcription factor 
regulation of transcription, 
DNA-dependent 
AT5G62470 18044 f at 10.44 MYB family transcription factor regulation of transcription 
AT1G24330 13304_at 7.97 armadillo/beta-catenin repeat family protein regulation of transcription 
AT4G32700 16750_at 7.52 
DNA-directed DNA polymerase, similar to DNA 
helicase DNA replication 
AT1G24200 13303 at 6.31 
paired amphipathic helix repeat-containing protein 
similar to Sin3 protein 
regulation of transcription, 
DNA-dependent 
AT1G62085 19304_i_at 5.93 mitochondrial transcription termination factor transcription 
Table 2. Continued 
105 
fold-
LocusJD 8k Affy ID change Description Biological Process 
bio1-0 > WT-0, 5-fold or greater change 
CELL WALL 
AT1G14070 15567_at 6.47 xyloglucan fucosyltransferase cell wall biosynthesis 
AT3G44990 12609 at 6.01 xyloglucan endotransgiycosylase cell wall biosynthesis 
AT2G47030 14024 s at 5.76 pectinesterase cell wall modification 
AT2G43580 18932_at 5.33 chitinase cell wall catabolism 
CARBOHYDRATE METABOLISM 
AT4G39210 16413_s_at 10.13 
g lucose-1 -phosphate adenylyltransferase large 
subunit 3 (APL3) starch biosynthesis 
AT4G16260 17485_s_at 9.81 
glycosyl hydrolase family 17, similar to giucan endo-
1,3-beta-glucosidase carbohydrate metabolism 
AT4G25000 16859_at 8.36 alpha amylase glycogen catabolism 
AT5G24090 12852 s at 7.66 acidic endochitinase carbohydrate metabolism 
AT4G24010 17940 q at 6.01 cellulose synthase polysaccharide biosynthesis 
AT1G55740 18797 at 5.60 alkaline alpha galactosidase carbohydrate metabolism 
AT2G37440 19065 at 5.42 similar to inositol polyphosphate 5-phosphatase I carbohydrate metabolism 
AT 1G78860 17440_i_at 5.13 lectin carbohydrate metabolism 
TRANSPORT 
AT4G23700 13627_at 27.85 cation/hydrogen exchanger, putative (CHX17) cation transport 
AT4G16920 20208 at 7.46 disease resistance protein (TIR-NBS-LRR class) transport 
AT4G08570 18335_at 7.38 
heavy-metal-associated domain-containing protein / 
copper chaperone (CCH)-related mercury ion transport 
AT1G61800 17775 at 5.29 glucose-6-phosphate/phosphate translocator hexose phosphate transport 
AT2G45220 20269_at 5.06 pectinesterase dicarbaxylic acid transport 
WT-0 > bio1-0, 5-fold or greater change 
DNA/RNA METABOLISM 
AT4G34410 19108_at 52.81 AP2 domain-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT2G26150 12431 at 11.23 heat shock transcription factor 
regulation of transcription, 
DNA-dependent 
AT5G62470 18044 f at 10.44 MYB family transcription factor regulation of transcription 
AT1G24330 13304_at 7.97 armadillo/beta-catenin repeat family protein regulation of transcription 
AT4G32700 16750_at 7.52 
DNA-directed DNA polymerase, similar to DNA 
helicase DNA replication 
AT1G24200 13303_at 6.31 
paired amphipathic helix repeat-containing protein 
similar to Sin3 protein 
regulation of transcription, 
DNA-dependent 
AT1G62085 19304 i at 5.93 mitochondrial transcription termination factor transcription 
Table 2. Continued 
106 
fold-
LocusJD 8k Affy ID change Description Biological Process 
bio1-0 > WT-0, 5-fold or greater change 
CELL WALL 
AT1G14070 15567_at 6.47 xyloglucan fucosyltransferase cell wall biosynthesis 
AT3G44990 12609_at 6.01 xyloglucan endotransglycosylase cell wall biosynthesis 
AT2G47030 14024_s_at 5.76 pectinesterase cell wall modification 
AT2G43580 18932 at 5.33 chitinase cell wall catabolism 
CARBOHYDRATE METABOLISM 
AT4G39210 16413_s_at 10.13 
glucose-1 -phosphate adenylyltransferase large 
subunit 3 (APL3) starch biosynthesis 
AT4G16260 17485_s_at 9.81 
glycosyl hydrolase family 17, similar to giucan endo-
1,3-beta-glucosidase carbohydrate metabolism 
AT4G25000 16859_at 8.36 alpha amylase glycogen catabolism 
AT5G24090 12852_s_at 7.66 acidic endochitinase carbohydrate metabolism 
AT4G24010 17940 g at 6.01 cellulose synthase polysaccharide biosynthesis 
AT1G55740 18797_at 5.60 alkaline alpha galactosidase carbohydrate metabolism 
AT2G37440 19065 at 5.42 similar to inositol polyphosphate 5-phosphatase I carbohydrate metabolism 
AT1G78860 17440_i_at 5.13 lectin carbohydrate metabolism 
TRANSPORT 
AT4G23700 13627_at 27.85 cation/hydrogen exchanger, putative (CHX17) cation transport 
AT4G16920 20208_at 7.46 disease resistance protein (TIR-NBS-LRR class) transport 
AT4G08570 18335_at 7.38 
heavy-metal-associated domain-containing protein / 
copper chap era ne (CCH>related mercury ion transport 
AT1G61800 17775_at 5.29 glucose-6-phosphate/phosphate translocator hexose phosphate transport 
AT2G45220 20269_at 5.06 pectinesterase dicarboxylic acid transport 
WT-0 > bio1-0, 5-fold or greater change 
DNA/RNA METABOLISM 
AT4G34410 19108_at 52.81 AP2 domain-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT2G26150 12431_at 11.23 heat shock transcription factor 
regulation of transcription, 
DNA-dependent 
AT5G62470 18044_f_at 10.44 MYB family transcription factor regulation of transcription 
AT1G24330 13304_at 7.97 armadillo/beta-catenin repeat family protein regulation of transcription 
AT4G32700 16750_at 7.52 
DNA-directed DNA polymerase, similar to DNA 
helicase DNA replication 
AT1G24200 13303 at 6.31 
paired amphipathic helix repeat-containing protein 
similar to Sin3 protein 
regulation of transcription, 
DNA-dependent 
AT1G62085 19304_i_at 5.93 mitochondrial transcription termination factor transcription 
Table 2. Continued 
107 
fold-
LocusJD 8k Affy ID change Description Biological Process 
WT-0 > bio1-0, 5-fold or greater change (continued) 
DNA/RNA METABOLISM (continued) 
AT2G35000 15002_at 5.51 zinc finger protein 
regulation of transcription, 
DNA-dependent 
AT2G18380 16188 at 5.45 zinc finger protein 
regulation of transcription, 
DNA-dependent 
AT4G33450 14818jg_at 5.41 MYB family transcription factor 
regulation of transcription, 
DNA-dependent 
AT2G29540 17088_s_at 5.40 
DNA-directed RNA polymerase l(A) and lll(C) 14 
kDa subunit (RPAC14) tRNA transcription 
AT1G04500 17665_at 5.35 zinc finger protein zinc finger binding protein 
AT1G43160 19673 a at 5.34 AP2 domain-containing transcription factor 
regulation of transcription, 
DNA-dependent 
AT2G17600 20318_at 5.20 DC1 domain-containing protein nucleotide-excision repair 
PROTEIN AND AMINO ACID METABOLISM 
AT1G08630 20186 at 5.63 L-allo-threonine aldolase amino acid metabolism 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT1G54050 15404 at 21.59 heat shock protein response to heat 
AT1G53540 13276_at 20.24 heat shock protein response to heat 
AT5G20630 15160 s at 17.95 germin-iike protein (GER3) defense response 
AT5G12030 13278_f_at 17.72 heat shock protein hyperosmotic response 
AT1G11960 18995_at 17.18 early-responsive to dehydration-related (ERD4) response to water deprivation 
AT3G46230; 
AT3G46220 13275_f_at 12.14 heat shock protein response to heat 
AT2G17840 13004_at 10.91 senescence/dehydration-associated protein response to water deprivation 
AT3G48390 19877_at 8.42 MA3 domain-containing protein programmed cell death 
AT2G34930 12251_at 8.35 disease resistance family protein defense response 
AT5G12020 13279 at 8.33 heat shock protein response to heat 
AT1G09090 17849 s at 8.12 
NADPH oxidase, respiratory burst oxidase protein B 
(RbohB) defense response 
AT5G12030 13277_i_at 7.99 heat shock protein hyperosmotic response 
AT1G59860 18945 at 7.56 heat shock protein response to heat 
AT5G67400 20296_s_at 7.28 peroxidase 73 (PER73; P73; PRXR11) response to oxidative stress 
AT5G52640 13285_at 7.15 heat shock protein (HSP81-1) response to heat 
AT4G11280 12891_at 7.00 
1 -aminocyclopropane-1 -carboxylate synthase 6, 
ACC synthase 6 (ACS6) response to external stimulus 
AT2G14210 19609 at 6.36 MA OS-box protein (ANR1) response to nutrients 
AT1G20450 15103 s at 6.08 dehydrin response to stress 
AT4G29020 12239_at 5.88 glycine-rich protein defense response 
AT1G74310; 
AT1G74300 13274_at 5.77 heat shock protein 101 response to heat 
AT5G66400 16038_s_at 5.22 dehydrin (RAB18) 
response to abscisic acid 
stimulus 
Table 2. Continued. 
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fold-
LocusJD 8k Affy ID change Description Biological Process 
WT-0 > bio1-0, 5-fold or greater change (continued) 
SECONDARY METABOLISM 
AT2G01520 16016 at 25.86 major latex protein-related alkaloid metabolism 
AT1G76090 15198_at 10.37 S-adenosyl-methionine-sterol-C-methyttransferase sterol biosynthesis 
AT2G02500 18397_at 5.82 
4-Diphosphocytidyl-2C-methyl-D-erythritol synthase 
(ISPD) isoprenoid biosynthesis 
AT2G01530 12758 at 5.74 major latex protein alkaloid metabolism 
AT4G19010 15575 at 5.02 4-coumarate-CoA ligase phenylpropanoid metabolism 
WT-0 > WT-B, 5-fold or greater change 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT3G52490 15480_at 10.76 heat shock protein response to heat 
AT1G77100 17784 at 8.95 peroxidase, similar to cationic peroxidase response to oxidative stress 
AT3G57260 13212 s at 8.79 
glycosyl hydrolase family 17, similar to giucan endo-
1,3-beta-glucosidase systemic acquired resistance 
AT2G35380 12575 s at 7.97 peroxidase 20 (PER20; P20) response to oxidative stress 
AT2G18140 12328 at 7.68 peroxidase, similar to ATP6a response to oxidative stress 
AT5G49860 12296 at 6.92 
jacalin lectin family protein similar to myrosinase-
binding protein homolog 
response to 
pest/pathogen/parasite 
AT4G19910 19634 at 6.44 toll-interleukin-resistance domain-containing protein disease resistance 
AT2G28670 19374_at 6.37 
disease resistance-responsive family protein, fibroin 
related response to pathogenic fungi 
AT2G40130 17639_at 6.15 heat shock protein response to heat 
AT 1G05530 18099 i at 5.62 UDP-glucoronosyl/UDP-glucosyl transferase defense response 
AT4G36770 14296_at 5.34 U DP-g lucoronosy l/U DP-glucosyl transferase defense response 
AT2G39540 15274_at 5.19 gibberillin regulated protein 
response to gibberellic acid 
stimulus 
Table 2. Continued 
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blo 10 5x and above wO 
e 
vrtO 5x and above Wo 10 
e 
wtO Sx and above vrtB 
wtB 5x and above wtO 
e 
biolB Sx and above blo10 bio 10 Sx and above b»1B 
# 
bio18 5x and above wtB wtB 5x and above bio 16 
biol B 5x and above wtO wtO 5x and above blol 6 
# 
biol 0 5x and above wtB 
# 
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• cell wall D other metabolic processes 
• cellular process • signaling 
• development • ton homeostatis 
o DNA/RNA metabolism • transport 
• energy production B response to abiotic or biotic stimulus 
• carbohydrate metabolism • secondary metabolism 
• lipid metabolism B biological process unknown 
• protein metabolism • unclassified 
Figure 5. Categories of genes that change 5-fold or more between samples. 
Pairwise comparisons were made between all genotype/treatment experimental units. 
Functional characterization of altered genes was based on GO annotation. Further division of 
these categories and names of genes contained in each category can be found in the 
Appendix. 
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% difference WTO 
Locus ID 8k Affy ID from biolB Description 
AT3G27690 15153_at 4.45 Arabidopsis thaliana Lhcb2 protein (Lhcb2:4) mRNA, complete cds. 
AT4G13290; 
AT4G13310 20278_s_at 3.93 cytochrome p450 like protein 
AT1G14420 16857_at 3.78 Arabidopsis thaliana putative pectate lyase (At59) gene, complete cds. 
AT1G01480 12851_s_at 3.54 1 -amlnocyclopropane-1-carboxylate synthase 2 (ACS2) 
AT2G30750; 
AT2G30770 14609_at 2.63 putative cytochrome P450 
AT4G22880 17026_s_at 1.61 
Arabidopsis thaliana putative leucoanthocyanidin dioxygenase 
(LDOX)/anthocyanindin synthase mRNA, complete cds 
AT5G01600 16031_at 0.40 A.thaliana mRNA for ferritin. 
AT4G19010 15575_at 0.20 4-coumarate-CoA ligase-iike, similar to 4CL for Pinus taeda 
AT1G12080 18881_at 0.08 unknown 
Table 3. Genes in the biol mutant rescued to wild-type expression level when biotin is 
added. 
Genes with transcript accumulation significantly changed in the biol mutant, whose 
expression is returned to wild-type levels with the addition of biotin. 
I l l  
Signal values (Global scaling) 
LocusJD Affy8k_ID bio10 biolB WTO WTB Description short description 
AT1G22710 13099_s_at 5.97 10.07 8.64 8.91 sucrose-proton symporter SUT4 
AT2G38040 13111_at 1.93 2.28 4.22 2.70 
CAC3, alpha-carboxyltransferase 
subunit of Acetyl-CoA carboxylase CAC3 
AT4G34030 13162_at 0.95 1.66 2.31 1.16 
MCC-B, sub unit of 3-methylcrotonyt-
CoA carboxylase MCC-B 
AT2G22500 13617_at 2.31 2.40 11.63 5.91 
putative mitochondrial dicarboxylate 
carrier protein 
{mito dicarboxylate 
transporter} 
AT1G76090 15198_at 0.23 0.98 2.42 1.44 
S-adenosyt-methionine-sterol-C-
methyltransferase SMT1 
AT4G36530 15255_at 3.25 2.65 3.27 3.88 
putative homolog of bioH, pimelic acid 
generation 
{bioH, pimelic acid 
generation} 
AT1G03090 15519_s_at 1.85 3.61 9.00 3.95 
MCC-A, subunit of 3-methylcrotonyl-
CoA carboxylase MCC-A 
AT1G36160 15609_s_at 1.32 1.91 2.13 1.26 
homomeric (cytosolic) Acetyl-CoA 
carboxylase ACC1 
AT2G43360 15685_s_at 4.85 5.03 5.89 3.96 BI02, Biotin syntase BI02 
AT2G42560 15747_at 0.26 0.08 0.13 0.09 putative seed biotin (maturation) protein SBP 
AT5G35360 16057 s at 10.47 12.12 20.95 10.30 
CAC2, biotin carboxylase subunit of 
Acetyl-CoA carboxylase CAC2 
AT1G20330 16491_at 4.74 6.29 9.15 6.80 
sterol-C-methyltransferase/ putative 
Na+ dependent mutrvitamin transporter 
{Na+- depdt 
multivitamin 
transporter} 
AT5G16390 17084_s_at 3.97 5.70 8.27 5.20 
CAC1A, biotin carboxyl carrier subunit 
of heteromeric acetyt-CoA carboxylase CAC1A 
AT1G09960 17312_at 0.41 0.26 0.68 0.31 putative sucrose transport protein SUT4 
AT2G25710 17557_s_at 1.35 1.30 1.31 1.00 biotin holocarboxylase synthetase HCS1 
AT4G39660 17593_r_at 3.60 3.00 3.83 2.40 
AGT2, alanine:glyoxylate 
aminotransferase 2 homolog AGT2 
AT4G39660 17594_s_at 2.15 1.98 2.97 1.48 
AGT2, alanine:glyoxylate 
aminotransferase 2 homolog AGT2 
AT2G38400 17595_s_at 1.19 1.21 2.78 1.72 
AGT3, alanine:gtyoxylate 
aminotransferase 2 homolog AGT3 
AT4G24160 18662_s_at 1.66 1.96 4.57 2.32 
putative homolog of bioH, pimelic acid 
generation 
{bioH, pimelic acid 
generation} 
AT1G09430 19128_at 4.56 3.73 5.67 3.61 ACLA-3, subunit of ATP citrate lyase ACLA-3 
AT1G71880 19450_at 8.65 3.41 5.25 4.59 SUC1, sucrose-proton symporter. SUC3ZSUC1 
AT4G39660 19858_s_at 2.66 2.37 3.47 2.10 
putative AGT2, alanine:glyoxyiate 
aminotransferase 2 homolog AGT2 
AT1G08630 20186_at 0.68 1.13 3.85 1.36 
putative L-all-threonine 
aldolase/acetaldehyde lyase 
{L-all-threonine 
alddase/acetaldehyd 
e lyase} 
AT4G36480 20540_at 1.37 0.98 1.12 0.96 
serine C-palmitoyltransferase-
like/ATLCB1 ATLCB1 
Table 4. Genes in the biotin network. 
Signal values (MAS 5.0 Global Scaling method) for genes previously known to be in the 
biotin network. 
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Figure 6. Globally-scaled signal values of biotinylated enzymes and genes involved in 
biotin synthesis, recovery, and transport. 
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Signal values (Global scaling) 
LocusJD Affy8k_ID bio10 biolB WTO WTB 
AT3G52200 12287_s_at 26.12 23.34 34.19 22.30 
putative dihydrolipoamide acetyltransferase (E2) subunit of 
PDC 
AT3G25860 17568_at 20.64 15.61 23.90 15.41 dihydrolipoamide S-acetyltransferase (LTA2) 
AT1G54220 18189_at 18.98 16.42 19.29 12.06 putative dihydrolipoamide S-acetyltransferase 
AT 1G03040 19698_at 16.26 11.99 12.01 11.79 
basic helix-loop-helix (bHLH) family protein component of the 
pyruvate dehydrogenase complex E3 
AT3G17240 12217_at 14.59 13.74 14.45 12.31 dihydrolipoamide dehydrogenase 2, mitochondrial 
AT1G13800 17728_at 13.89 11.69 15.00 9.19 pentatricopeptide (RPR) repeat-containing protein 
AT1G24180 16908_at 13.64 14.48 17.47 14.04 
pyruvate dehydrogenase E1 component alpha subunit, 
mitochondrial 
AT1G59900 18687_at 11.96 14.07 21.00 13.89 
pyruvate dehydrogenase E1 component alpha subunit, 
mitochondrial (PDHE1-A) 
AT2G34590 15210_s_at 10.09 5.99 6.87 5.34 pyruvate dehydrogenase E1 component, beta subunit 
AT1G30120 15627_at 9.89 6.95 6.71 6.58 plastidic pyruvate dehydrogenase E1 component beta subunit 
AT5G50850 15156_at 8.78 6.97 3.79 4.07 
AT2G44350 18698_s_at 6.22 4.29 5.64 4.42 mitochondrial citrate synthase 
AT2G42790 17962_at 5.16 2.71 2.89 1.88 glyoxysomal citrate synthase 
AT2G43090 18882_at 5.04 3.49 4.93 3.37 aconitase C-terminal domain 
AT2G43100 13547_at 4.51 2.60 3.09 2.60 aconitase C-terminal domain 
AT4G26970 14057_at 3.54 1.51 2.05 1.93 putative cytosolic aconit ate hydratase 
AT4G13430 12813_at 2.96 3.53 4.58 3.35 aconitate hydratase 
AT4G35650 12329_at 1.87 1.47 1.59 1.44 NAD+ dependent isocitrate dehydrogenase subunit 1 
AT5G55070 19405_at 1.63 1.34 1.53 1.51 
dihydrolipoamide succinyltransferase component of 2-
oxoglutarate dehydrogenase complex 
AT5G65750 19225_at 1.47 1.15 1.00 0.87 2-oxoglutarate dehydrogenase E1 component 
AT4G26910 15551_at 1.26 1.19 1.11 1.01 
Dihydrolipoamide succinyltransferase component of 2-
oxoglutarate dehydrogenase complex 
AT2G20420 18653_s_at 0.77 0.67 0.58 0.41 mitochondiral succinyl-CoA ligase [GDP-forming] beta-chain 
AT2G20420 18653_s_at 0.27 0.33 0.06 0.30 mitochondiral succinyl-CoA ligase [GDP-forming] beta-chain 
AT5G66760 19894_at 0.17 0.11 0.10 0.07 succinate dehydrogenase [ubiquinone] flavoprotein subunit 
AT2G18450 13431_at 0.13 0.08 0.17 0.14 
putative succinate dehydrogenase [ubiquinone] flavoprotein 
subunit 
AT 1G53240 18047_at 19.29 12.06 18.98 16.42 mitochondrial NAD-dependent malate dehydrogenase 
Table 5. Genes in the TCA cycle. 
Signal values (MAS 5.0 Global Scaling method) of genes involved in the TCA cycle/aerobic 
respiration. 
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Signal values (Global scaling) 
Locus J D 8k Affy ID bio10 biolB WTO WTB Description 
ATCG00350 12345 at 3.57 3.40 5.19 1.27 psaA PS I P700 apoprotein A1 
ATCG00480 12381_at 130.07 160.34 103.06 103.52 atpB ATPase beta subunit 
AT2G27510 12454_at 4.05 4.73 5.31 4.21 
putative ferredoxin, contains 2Fe-2S iron-sulfur cluster binding 
domain 
AT3G54890 13213_s_at 159.89 240.28 274.75 251.19 chlorophyll A-B binding protein / LHCI type I (CAB) 
AT1G20340 13234_s_at 56.65 91.91 103.24 70.03 plastocyanin 
AT1G60950 13251_at 0.21 0.06 0.22 0.23 ferredoxin precursor, chbroplast (PETF) 
AT1G19150 13678 at 40.34 55.51 61.42 55.37 putative chlorophyll A-B binding protein, LHCI type II 
AT4G17740 14753_s_at 1.27 1.30 1.72 1.29 C-terminal processing protease 
AT1G15820; 
AT1G15810 15097 at 136.55 197.72 226.36 193.42 chloroplast chlorophyll A-B binding protein (LHCB6) 
AT4G10340 15102_s_at 91.71 119.07 139.11 131.40 chloroplast chlorophyll A-B binding protein CP26 
AT2G05100; 
AT2G05070 15108_s_at 290.76 293.76 345.07 343.31 
chlorophyll A-B binding protein, LHCII type II (LHCB2.1) 
(LHCB2.3) 
AT1G44575 15117 at 18.56 20.00 25.99 17.34 photosystem II 22kDa protein 
AT3G61470 15133 at 157.14 227.68 266.11 218.84 chlorophyll A-B binding protein (LHCA2) 
AT3G27690 15153_at 3.90 33.02 31.59 34.98 chlorophyll A-B binding protein (LHCB2:4) 
AT5G54280; 
AT5G54270 15170_s_at 86.33 138.48 153.81 149.26 Lhcb3 protein, putative myosin heavy chain 
AT1G76100 15372_at 7.12 12.76 12.60 10.64 plastocyanin 
AT1G61520 15659_at 120.53 162.30 188.94 161.84 chlorophyll A-B binding protein, LHCI type III (LHCA3.1) 
AT4G21280 15986_s_at 62.53 90.43 104.32 89.75 
Oxygen-evolving enhancer protein 3-1, chloroplast precursor 
(OEE3) (16 kDa subunit of oxygen evolving system of 
photosystem II) 
AT5G01530 15995 at 201.71 248.10 305.05 276.84 chlorophyll A-B binding protein CP29 (LHCB4) 
AT2G30790 16007 at 0.57 0.42 0.64 0.59 putative photosystem II oxygen-evolving complex 23 
AT1G55670 16044_s_at 153.78 195.09 223.73 201.19 photosystem I reaction center subunit V 
AT1G06680 16414 at 72.34 84.58 103.23 80.64 photosystem II oxygen-evolving complex 23 (OEC23) 
AT4G12800 16417_s_at 160.18 187.48 219.37 204.85 photosystem I reaction center subunit XI 
AT1G79040 16418_s_at 211.81 217.66 256.94 232.02 photosystem I110 kDa polypeptide 
AT2G30570 16423_at 185.52 241.13 264.51 230.76 photosystem II reaction center W (PsbW) 
AT5G66570 16449_s_at 173.63 210.95 283.92 238.31 oxygen-evolving enhancer protein 1-1 
AT3G50820 16485_s_at 82.52 81.79 93.29 88.80 putative oxygen-evolving enhancer protein 
AT1G08550 16595_s_at 2.34 3.52 3.89 2.58 putative violaxanthin de-epoxidase precursor (AVDE1) 
AT5G23120 16673 at 13.16 12.25 20.20 13.60 Photosystem II stability/assembly factor HCF136 
AT1G10960 16983 at 95.77 101.45 105.38 93.88 putative ferredoxin 
AT2G40100 17054_s_at 2.12 1.08 1.11 1.38 chlorophyll A-B binding protein (LHCB4.3) 
AT5G64040 17087_at 30.27 66.00 72.86 62.10 photosystem I reaction center subunit PSI-N 
AT1G67740 18053_s_at 111.18 130.31 146.27 130.68 Photosystem (I core complex proteins psbY 
AT4G03280 18072 at 85.23 103.27 139.39 98.70 rieske iron-sulfur protein precursor (petC) 
AT5G 66190 18074 at 18.26 18.69 22.81 15.85 putative ferredoxin—NADP(+) reductase 
AT1G31330 18077 at 30.02 73.35 83.98 68.77 photosystem I reaction center subunit III 
AT3G16140 18080 at 104.07 148.50 175.64 153.47 putative photosystem I reaction center subunit VI 
AT1G52230 18081 at 43.63 73.26 64.47 67.42 putative photosystem I reaction center subunit VI 
AT1G30380 18082 at 108.39 175.23 205.15 177.29 putative photosystem I reaction center subunit psaK 
AT4G02770 18085_r_at 124.79 148.65 151.01 133.01 putative photosystem I reaction center subunit II 
AT1G03130 18087_s_at 14.89 42.19 39.63 39.33 putative photosystem I reaction center subunit II 
AT4G28750 18088_i_at 35.55 62.72 69.50 61.49 putative photosystem I reaction center subunit IV 
AT2G20260 18666_s_at 35.76 40.58 46.75 44.31 putative photosystem I reaction center subunit IV 
AT4G32360 18793 at 0.17 0.14 0.09 0.44 NADP adrenodoxin-like ferredoxin reductase 
AT4G14890 18994 at 9.27 10.43 8.95 9.13 ferredoxin family protein 
AT4G37230 19058 at 0.15 0.04 0.18 0.32 
putative oxygen-evolving enhancer protein, similar to Oxygen-
evolving enhancer protein 1, chloroplast precursor (OEE1) 
Table 6. Genes involved in the light reactions of photosynthesis. 
Signal values (MAS 5.0 Global Scaling method) of genes involved in the light reactions of 
photosynthesis. 
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Figure 7. Globally-scaled signal values of genes involved in the TCA cycle. 
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Figure 8. Globally-scaled signal values for genes involved in the light reactions of 
photosynthesis. 
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Figure 9. FC Modeler graph depicting part of the chlorophyll biosynthesis pathway. 
In the lower panels, transcripts with high accumulation are shown in red, transcripts with low 
accumulation are shown in blue, and transcripts with average accumulation are shown in 
gray. Uncolored RNAs represent transcripts for which we have no data. 
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CHAPTER 5. GENERAL CONCLUSIONS 
THE GVG PROMOTER IN SOYBEAN AND ARABIDOPSIS 
Inducible promoters have great promise for use in research and commercial 
production, and to aid in the process of transformation. The GVG promoter is sterol-
inducible in Glycine max (soybean), and shows a specific and replicable pattern of GUS 
expression. Specifically, GVG-driven GUS expression occurs to the highest levels in the 
minor veins of the leaf, and is often completely absent in the midrib and secondary veins. 
Staining is not observed at the leaf margins, or preferentially at cut edges. The response is 
strongest in the mature leaves, with hardly any GUS expression in very young leaves, 
regardless of whether they were directly treated with sterol. GUS expression in roots is high 
in the endodermis and very high in the vasculature, but undetectable in the epidermis and 
cortex. Flower petals and pods show the same pattern as leaves; they stain only in the minor 
veins. GUS is also expressed in seed coats, though not in the seeds themselves. As in 
soybean, GUS expression in GVG-GUS Arabidopsis thaliana was highest in the minor leaf 
veins and root vasculature, and also present in veins of the cauline leaves and flower petals. 
In a screening of hundreds of independent transgenic events of Arabidopsis 
containing three GVG-promoter constructs, none showed sterol-inducible expression. Most 
of the GVG-GUS plants constitutively expressed GUS in the presence or absence of sterol, 
while a few had their GUS expression decreased by sterol treatment. In contrast, of the over 
300 independent lines containing GVG-ACLA or GVG-ACLB overexpression vectors that 
were tested, few transgenic Arabidopsis lines overexpressing ACLA or ACLB mRNA were 
eventually found. These were not inducible by sterol treatment, and most had their desired 
RNA down-regulated by sterol treatment. Preliminary data in the form of RNA blots 
indicate that this failure to accumulate ACL RNA is due to the absence of transcribed GVG 
factor (the chimeric trans-activating factor necessary for the functioning of the GVG 
promoter). However, despite high levels of RNA accumulation for both ACLA and ACLB 
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transgenes, no post-transcriptional silencing, co-suppression, or pleiotropic effects of 
overexpression were observed, thus this promoter may be useful for studies of gene 
expression in the vasculature of leaf and root. 
In the future, experimentation could address why the GVG factor is not transcribed in 
these Arabidopsis lines. It is possible (though unlikely) that only the BAR resistance coding 
region, and not the GVG portion of the transformation vector, was successfully integrated 
into the genome in all the hundreds of independent transgenic lines of ACLA and ACLB. 
This could be investigated by a series of Southern blots of those transformants that are 
resistant to glufosinate, but not expressing either the desired ACL mRNA or the GVG mRNA. 
If it is determined that the GVG cassette is present in the genome, investigation would be 
focused on why it is not being transcribed. If the GVG cassette is not present in the genome, 
transformation should be repeated to determine when in the process this portion of the 
plasmid was lost. Since it is unlikely that a similar mutation would have occurred on 
multiple occasions, plants may have been transformed with an incomplete vector. However, 
results discussed here were gathered from experiments using three different transformation 
constructs, each of which appears to have undergone the same mutation. It is possible that 
some feature of the plasmid itself allows very high levels of recombination in vivo. 
REGULATION OF ACL 
The regulation of ATP citrate lyase (ACL) was examined through cytsolic 
overexpression of two ACL genes. Overexpression of ACLA-1 and ACLB-2 leads to 
significantly increased levels of these RNAs, however, ACLA and ACLB protein and 
enzyme activity levels remain indistinguishable from wild-type. This suggests that both the 
ACLA and ACLB genes are under translational or post-translational control. To further 
investigate the method of regulation, translation could be measured by nuclear run-on assays, 
or by measuring whether ACL mRNAs are associated with polysomes. Post-translational 
control or increased protein turnover will be implicated if levels of translation do not explain 
disparity between mRNA and protein levels in the plant. Since over-expressing both the 
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ACLA and ACLB subunit genes of cytosolic ACL in the same plant results in high 
accumulation of both mRNAs, but does not lead to detectable changes in ACLA or ACLB 
protein levels, or in ACL enzyme activity, it is unlikely that regulation of ACL depends on a 
balance between accumulation of the RNAs encoding the two subunits, or on the level of the 
protein subunits themselves. The specific mechanisms of the regulation of ACL, and how 
this regulation might function in planta to ensure that the plant maintains appropriate levels 
of production of cytosolic acetyl-CoA across changing environmental conditions and 
developmental states, remains an area of future study. 
TRANSCRIPT PROFILING OF THE biol MUTANT 
The biol mutant had a large number of genes with expression altered as compared to 
the wild-type and to the biol mutant supplemented with biotin. Some of these changes are 
probably due to the deterioration of metabolism in the biol mutant as biotin stores are 
depleted. Other changes in gene expression appear to be due to the presence of exogenous 
biotin, regardless of genotype, or to the biotin status of the organism. 
The hypotheses presented herein that the TCA cycle and the light reactions of 
photosynthesis are operating at a reduced rate in the biol mutant could be tested by a series of 
biological experiments. Rate of TCA cycle could be estimated from measurements of the rate 
of oxygen uptake in the mutant, or measurements of other intermediates of the cycle over time. 
Photosynthetic rate and chlorophyll content could also be measured. Sampling of earlier 
timepoints would elucidate whether the apparent downregulation of the TCA cycle and the 
light reactions of photosynthesis are a cause or effect of the abnormal metabolism of biol 
mutants. Looking at downstream gene expression (such as protein accumulation and enzyme 
activities) of the genes with altered RNA accumulation would provide information about 
potential translational or post-translational controls of these genes. Measurement of internal 
biotin concentrations, protein levels, and enzyme activities will give further insight into the 
possibilities that were brought to light by this snapshot of the transcriptome of Arabidopsis 
with altered biotin status. 
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One class of genes that changed in plants with altered biotin status is those encoding 
biotinylated enzymes. Specifically, the subunits of heteromeric ACCase and MCCase enzymes 
show decreased expression in the mutants compared to wild-type plants ( bio 1-0 compared to 
WT-0). Other genes that change expression might be candidates as encoding those biotin 
enzymes for which activity is present in cell extracts, but no corresponding sequence has been 
isolated. The most promising (based on sequence similarity to biotinylated enzymes in other 
species) of these 'unknown' ESTs could be expressed heterologously to see if they possess 
carboxylase activity. 
Genes in the biol mutant that could be 'rescued' to wild-type condition by addition of 
supplemental biotin could define new genes directly involved in biotin metabolism, or with 
activity dependent on biotinylation. There were no known biotin-containing or biotin-synthesis 
enzymes contained in this list, but there were some genes closely related to the known biotin 
network (4-coumarate-CoA ligase and leucoanthocyanidin dioxygenase), and some related to 
areas of primary metabolism (light reactions of photosynthesis, mitochondrial electron 
transport) that may depend more on biotin status than was previously thought. 
The annotation of genes that showed interesting or unique patterns of transcript 
accumulation but are not yet identified in the database should be monitored. Once these genes 
are annotated, they may substantiate or contradict hypotheses presented in this work, or lead to 
new discoveries. 
These biotin genechip experiments will be repeated using the newer full-genome chip 
from Affymetrix. This will both replicate the data presented here, and hopefully lead to new 
discoveries about the genes not contained in the original data set. In addition, experiments 
could be implemented using different concentrations of supplemental biotin, thus narrowing the 
gap between biotin deficiency and hyper-accumulation. Earlier timepoints could be sampled, 
particularly to answer the question of whether genes involved in the light reactions of 
photosynthesis and the TCA cycle are down-regulated as a response to biotin deficiency or as a 
later consequence of altered metabolism. 
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CURRENT CHALLENGES TO ANALYZING MICROARRAY DATA 
Using three different methods of normalization for this data allowed comparison 
between these methods and analysis of the methods themselves. In many cases genes that 
appeared to have dramatic change in transcription level using one method of normalization 
showed little or no change in the other two methods. These are probably 'false positives' in 
the first method, and should be eliminated from further analysis. 
Microarray data gives us an idea about what may be happening at the level of 
transcription in a given sample at a given time. Not knowing the protein and enzyme activity 
levels for the corresponding genes can pose problems when we try to draw conclusions from 
this kind of data. 
Another obstacle to interpreting results of global profiling experiments is the large 
number of'unknowns' in the data. Curation and annotation have not kept pace with the 
technology used to discover interesting trends in biological data, and although the whole 
genome of Arabidopsis is sequenced, functions of many of the identified genes remain 
unknown. Worse than absence of annotation is incorrect annotation. In this case, erroneous 
(or possibly incomplete or untested) information can lead to faulty conclusions. 
Microarray experiments are a useful tool to collect information about transcript levels at 
a given point during plant development, but they do not give complete answers to complex 
biological questions. Thus far, curation and experimentation are struggling to keep up with 
new global profiling technologies. 
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APPENDIX. BIOTIN GENECHIP DATA 
other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
bio1-0 > WT-0, 5-fold or greater change 
CELL WALL 
AT1G14070 15567_at 6.47 xyloglucan fucosyltransferase cell wall biosynthesis bio1B-bio10 
AT3G44990 12609_at 6.01 xyloglucan endotransglycosylase cell wall biosynthesis 
AT2G47030 14024 s at 5.76 pectinesterase cell wall modification 
AT2G43580 18932_at 5.33 chitinase cell wall catabolism 
CELLULAR PROCESSES 
AT1G52030 20227_s_at 11.61 
myrosinase-binding protein-like protein 
(MBP1.2) cell adhesion WTB-bio10 
AT4G03220 17156_at 6.44 
F-box family protein, similar to SKP1 
interacting partner 2 (SKIP2) 
regulation of cell 
cycle 
AT5G65420 13788_at 5.75 cyclin 
regulation of cell 
cycle WTB-WTO 
AT4G03450 19247_at 5.03 ankyrin repeat family protein 
linkage between 
integral membrane 
and cytoskeletal 
proteins 
DEVELOPMENT 
AT2G29350 20491_at 10.47 tropinone reductase/dehydrogenase aging 
bio1B-bio10, 
WTB-bio10 
AT2G43000 13381 at 8.73 no apical meristem (NAM) family protein development bio1B-bio10 
AT4G17670 18660_at 8.27 
similar to senescence-associated protein 
SAG102 senescence bio1B-WT0 
AT1G34180 12643 at 6.64 no apical meristem (NAM) development 
AT4G17980 12664 at 5.14 no apical meristem (NAM) development 
DNA/RNA METABOLISM 
AT4G36700 13449_at 21.96 cupin 
regulation of 
transcription 
bio1B-bio10, 
WTB-bio10 
AT2G17740 12630_at 15.48 DC1 domain-containing protein 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
bio1B-bio10, 
bio1B-WTB 
AT1G61960 19511_at 8.48 mitochondrial transcription termination factor transcription bio1B-bio10 
AT3G57600 19560_at 7.24 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent WTB-WTO 
AT1G09190 19260_at 5.52 pentatricopeptide repeat-containing protein gene expression 
AT1G24090 14905_at 5.42 Rnase H domain-containing protein RNAse H 
AT2G25120 17651_at 5.42 
bromo-adjacent homology (BAH) domain-
containing protein 
regulation of 
transcription bio1B-bio10 
Appendix. Genes changed 5-fold or more between conditions. 
Fold-changes were calculated using signal values from the MAS 5.0 Global Scaling method. 
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other lists 
fold- containing 
Locus_ID 8k Affy ID change Description Biological Process this gene 
bio1-0 > WT-0,5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT3G12500 13211 s at 7.06 basic endochitinase 
jasmonic 
acid/ethylene-
dependent systemic 
resistance, ethylene 
mediated signaling 
pathway 
AT1G33960 12879 at 7.04 avirulence induced gene (AIG1) 
response to 
pathogenic bacteria 
bio1B-bio10, 
WTB-bio10 
AT3G04720 15162 at 7.00 hevein-like protein (HEL) 
response to ethylene 
stimulus 
bio1B-bio10, 
WTB-bio10 
AT4G36430 12333 at 6.05 peroxidase 
response to 
pest/pathogen/ 
parasite 
AT2G39540 15274 at 6.00 gibberillin-regulated protein 
response to 
gibberellic acid 
stimulus 
WTB-WTO, 
biol B-WT0 
AT2G43510 19171 at 5.74 trypsin inhibitor, similar to MTI-2 defense response 
bio1B-bio10, 
WTB-bio10 
AT1G22900 15415 at 5.73 disease resistance-responsive family protein defense response 
bio1B-bio10, 
WTB-bio10 
AT1G14420 16857 at 5.64 pectate lyase 
response to 
pathogen biolB-biolO 
AT5G64120 17413 s at 5.44 peroxidase 
response to oxidative 
stress 
AT1G78780 13919 at 5.42 pathogenesis-related protein 
response to 
pathogen 
AT4G23600 14832 at 5.41 tyrosine transaminase 
hyperosmotic 
(salinity) response 
AT1G77100 17784 at 5.01 peroxidase, similar to cationic peroxidase 
response to oxidative 
stress 
WTB-WTO, 
biol B-WT0 
SECONDARY METABOLISM 
AT4G19810 20420 at 51.37 
glycosyl hydrolase family 18, similar to 
chitinase/lysozyme 
secondary 
metabolism 
WTB-WTO, 
biol B-WT0, 
biol B-bio10, 
WTB-bio10 
AT4G22880 17026 s at 10.45 
leucoanthocyanidin dioxygenase, putative / 
anthocyanidin synthase 
anthocyanin 
biosynthesis 
biol B-bio10, 
WTB-bio10 
AT1G17020 17484 at 6.90 
oxidoreductase, 20G-Fe(ll) oxygenase, 
similar to flavonol synthase, 
leucoanthocyanidin dioxygenase 
flavonoid 
biosynthesis WTB-bio10 
AT1G61120 17511 S at 6.69 
terpene synthase/cyclase, similar to S-linalool 
synthase 
isoprenoid 
biosynthesis 
biol B-bio10, 
WTB-bio10 
AT4G24650 16755 at 6.67 adenylate isopentenyltransferase (IPT4) 
cytokinin 
biosynthesis 
Appendix. Continued. 
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other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
bio1-0 > WT-0,5-fold or greater change (continued) 
TRANSPORT (continued) 
AT4G08570 18335 at 7.38 
heavy-metal-associated domain-containing 
protein / copper chaperone (CCH)-related 
mercury ion 
transport 
AT1G61800 17775 at 5.29 glucose-6-phosphate/phosphate translocator 
hexose phosphate 
transport WTB-bio10 
AT2G45220 20269 at 5.06 pectinesterase 
dicarboxylic acid 
transport 
bio1B-bio10, 
WTB-bio10 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT3G57260 13212 s at 243.06 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
systemic acquired 
resistance 
WTB-WTO, 
biol B-WT0, 
bio1B-bio10, 
WTB-bio10 
AT2G14610 14635 s at 185.65 pathogenesis-related protein 1 (PR-1) 
response to 
pathogen 
bio1B-bio10, 
WTB-bio10 
AT2G39330 17273 at 18.93 
jacalin lectin family protein, similar to 
myrosinase-binding protein 
response to 
pest/pathogen/ 
parasite 
bio1B-bio10, 
WTB-bio10 
AT2G43570 17840 at 16.53 chitinase 
response to 
pest/pathogen/ 
parasite 
bio1B-bio10, 
WTB-bio10 
AT2G32680 16365 at 12.61 disease resistance family protein defense response 
bio1B-bio10, 
WTB-bio10 
AT4G11650 16914 s at 12.41 osmotin-like protein (OSM34); thaumatin 
response to 
pathogen 
bio1B-bio10, 
WTB-bio10 
AT5G06720 12356 at 10.10 peroxidase 
response to oxidative 
stress 
AT4G33720 20308 s at 9.27 pathogenesis-related protein, similar to PR-1 
response to 
pathogen 
bio1B-bio10, 
WTB-bio10 
AT3G12500 12332 s at 8.08 basic endochitinase 
jasmonic 
acid/ethylene-
dependent systemic 
resistance, ethylene 
mediated signaling 
pathway 
AT2G26820 17693 at 7.72 avirulence-responsive family protein 
response to 
pathogenic bacteria 
AT3G52490 15480 at 7.52 heat shock protein response to heat 
WTB-WTO, 
biol B-WT0 
AT1G60095 12318 at 7.44 
jacalin lectin family protein, similar to 
myrosinase-binding protein 
response to 
pest/pathogen/ 
parasite 
AT4G23280 20235 i at 7.32 protein kinase defense response 
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other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
bio1-0 > WT-0,5-fold or greater change (continued) 
PROTEIN AND AMINO ACID METABOLISM 
AT3G52010 18137 at 10.08 serine carboxypeptidase S10 
proteolysis and 
peptidolysis 
WTB-WTO, 
bio1B-bio10 
AT4G04460 18903 at 8.82 aspartyl protease family protein 
proteolysis and 
peptidolysis 
AT1G51320 17250 at 8.13 F-box family protein 
ubiquitin-dependent 
protein catabolism WTB-WTO 
AT2G19230 13888 s at 7.15 leucine-rich repeat protein kinase 
protein amino acid 
phosphorylation 
AT2G18080 19849 at 6.76 serine carboxypeptidase 528 
proteolysis and 
peptidolysis 
AT3G09010 14763 at 6.18 protein kinase 
protein amino acid 
phosphorylation 
biol B-biolO, 
WTB-bio10 
AT2G19410 19042 g at 6.07 protein kinase 
protein amino acid 
phosphorylation WTB-WTO 
AT4G39950 20479 i at 6.07 cytochrome P450 
tryptophan 
catabolism 
AT2G19190 12307 at 5.98 light-responsive receptor protein kinase 
protein amino acid 
phosphorylation 
AT1G21250 15616 s at 5.95 wall-associated kinase 1 (WAK1 ) protein kinase WTB-bio10 
AT2G27420 16845 at 5.92 cysteine proteinase 
proteolysis and 
peptidolysis biol B-WTO 
AT2G04190 15968 at 5.65 similar to ubiquitin-specific protease 
ubiquitin-dependent 
protein catabolism 
AT1G17745 15629 s at 5.56 D-3-phosphoglycerate dehydrogenase 
L-serine 
biosynthesis 
AT1G55610 16354 at 5.01 protein kinase 
protein amino acid 
phosphorylation WTB-WTO 
SIGNAL TRANSDUCTION 
AT5G54840 18054 at 9.52 GTP-binding family protein 
small GTPase 
mediated signal 
transduction 
WTB-WTO, 
biol B-WTO 
AT1G51960 17251 at 8.24 calmodulin-binding family protein 
calmodulin/calcium 
signaling WTB-WTO 
AT3G23150 19618 at 5.84 putative ethylene receptor ETR2 
two-component 
signal transduction 
system 
(phosphorelay) 
AT3G50770 13217 s at 5.61 calmodulin-related protein 
calmodulin/calcium 
signaling WTB-bio10 
TRANSPORT 
AT4G23700 13627 at 27.85 cation/hydrogen exchanger, putative (CHX17) cation transport 
bio1B-bio10, 
WTB-bio10 
AT4G16920 20208 at 7.46 
disease resistance protein (TIR-NBS-LRR 
class) transport 
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fold-
LocusJD 8k Affy ID change Description 
bio1-0 > WT-0,5-fold or greater change (continued) 
DNA/RNA METABOLISM (continued) 
AT4G30980 19120 at 5.22 basic helix-loop-helix DNA-binding protein 
regulation of 
transcription 
AT5G23000 12416 at 5.06 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
ENERGY PRODUCTION 
AT2G02850 13495 s at 15.25 plantacyanin electron transport 
bio1B-bio10, 
WTB-bio10 
AT2G02850 13048 s at 12.08 plantacyanin electron transport 
bio1B-bio10, 
WTB-bio10, 
AT1G30710 20131 at 10.79 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport biol B-WTO 
AT1G30700 14016 s at 10.19 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport WTB-bio10 
AT1G30700 14015 s at 6.08 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport 
AT4G02180 17772 at 5.69 DC1 domain-containing protein electron transport WTB-WTO 
AT2G01510 19082 at 5.51 pentatricopeptide repeat-containing protein electron transport bio1B-bio10 
CARBOHYDRATE METABOLISM 
AT4G39210 16413 s at 10.13 
glucose-1 -phosphate adenylyltransferase 
large subunit 3 (APL3) starch biosynthesis 
AT4G16260 17485 s at 9.81 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
carbohydrate 
metabolism 
AT4G25000 16859 at 8.36 alpha amylase glycogen catabolism 
bio1B-bio10, 
WTB-bio10 
AT5G24090 12852_s_at 7.66 acidic endochitinase 
carbohydrate 
metabolism biol B-WTO 
AT4G24010 17940_g at 6.01 cellulose synthase 
polysaccharide 
biosynthesis biol B-WTO 
AT1G55740 18797 at 5.60 alkaline alpha galactosidase 
carbohydrate 
metabolism WTB-WTO 
AT2G37440 19065 at 5.42 
similar to inositol polyphosphate 5-
phosphatase I 
carbohydrate 
metabolism 
AT1G78860 17440 i at 5.13 lectin 
carbohydrate 
metabolism 
LIPID METABOLISM 
AT3G48080 20625 at 10.86 lipase class 3 lipid metabolism WTB-bio10 
AT4G12480 16150 at 6.06 
protease inhibitor/seed storage/LTP family, 
pEARL11 lipid transport 
bid B-bk>10, 
WTB-bio10 
AT1G23500 13815 at 5.46 lipase/acylhdrolase with GDSL-like motif 
lipase/ 
acylhydrolase bio1B-bio10 
AT1G53940 20597 at 5.13 lipase/acylhdrolase with GDSL-like motif glycerol biosynthesis 
other lists 
containing 
Biological Process this gene 
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fold-
Locus JD 8k Affy ID change Description 
bio1-0 > WT-0,5-fold or greater change (continued) 
other lists 
containing 
Biological Process this gene 
AT1G01480 12851 s at 6.39 
1 -aminocyclopropane-1 -carboxylate synthase 
2, ACC synthase 2 (ACS2) 
ethylene 
biosynthesis 
bio1B-bk)10, 
WTB-bio10 
AT1G70080 18146 at 5.75 
terpene synthase/cyclase family protein, 
similar to (+)-delta-cadinene synthase 
sesquiterpenoid 
biosynthesis 
AT5G24160 19704 i at 5.03 squalene epoxidase 1,2 (SQP1,2) sterol biosynthesis 
bio1B-bio10, 
WTB-bio10 
OTHER METABOLIC PROCESSES 
AT4G16590 19193 at 24.58 glycosyltransferase glucosyl transferase WTB-bio10 
AT2G30750; 
AT2G30770 14609 at 15.22 cytochrome P450 
cytochrome P450 
family 
biol B-bio10, 
WTB-bio10 
AT1G02920 16053 i at 7.00 glutathione-S-transferase toxin catabolism 
biol B-bio10, 
WTB-bio10 
UNKNOWN 
AT2G14560 14704 s at 23.18 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT2G14560 15846 at 12.06 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT1G23570 13374 at 11.28 expressed protein 
biological_process 
unknown 
WTB-WTO, 
bio1B-bio10, 
biol B-WTB 
AT2G31160 20019 at 8.47 expressed protein 
biological_process 
unknown 
AT2G42955 17718 at 7.93 hypothetical protein 
biological_process 
unknown WTB-WTO 
AT2G10930 20039 at 7.44 expressed protein 
biological_process 
unknown 
WTB-WTO, 
biol B-WTO 
AT1G76960 14096 at 7.30 expressed protein 
biological_process 
unknown biol B-bio10 
AT4G20160 16656 at 6.82 expressed protein 
biological_process 
unknown bio1B-bk)10 
AT2G04600 15413 at 6.72 hypothetical protein 
biological_process 
unknown 
AT2G34330 14969 at 6.69 expressed protein 
biological_process 
unknown 
WTB-WTO, 
biol B-WTO 
AT2G45610 14496 at 6.31 expressed protein 
biological_process 
unknown 
AT4G05616 16207 at 6.24 hypothetical protein 
biological_process 
unknown 
AT2G21640 12216 at 5.77 expressed protein 
biological process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT4G37950 16224 at 5.48 expressed protein 
biological process 
unknown WTB-WTO 
AT4G24430 14837 at 5.46 expressed protein 
biological process 
unknown 
AT2G42610 19363 at 5.19 expressed protein 
biological process 
unknown 
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other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
bio1-0 > WT-0, 5-fold or greater change (continued) 
UNCLASSIFIED 
18068 r at 11.93 no match no hits 
bio1B-bio10, 
biol B-WTB 
15724 at 9.04 no match no hits biol B-bio10 
18474 at 6.79 no match no hits 
19731 at 5.65 no match no hits 
19808 at 5.49 no match no hits bio1B-bio10 
AFFX-BioB-5 5.39 no match no hits 
19732 at 5.06 no match no hits 
WT-0 > bio1-0, 5-fold or greater change 
CELL WALL 
AT4G31590 15763 at 5.95 
glycosyl transferase family 2, similar to 
cellulose synthase cellulose 
bio1B-bio10, 
WTB-bio10 
AT5G57560 16620 s at 5.54 xyloglucan endotransglycosylase 
cell wall organization 
and biogenesis WTB-bio10 
AT5G57550 18968_at 5.34 xyloglucan endotransglycosylase cell wall biosynthesis biol B-WTO 
CELLULAR PROCESSES 
AT5G19530 17999 at 10.29 spermine/spermidine synthase cell elongation 
bio1B-bio10, 
WTB-bio10 
AT1G15570 18207 at 6.69 cyclin, similar to cyclin A2 
regulation of cell 
cycle WTB-bio10 
AT2G36200 16378 at 6.14 kinesin motor protein 
structural component 
of cytoskeleton 
biol B-WTO, 
biol B-WTB 
AT4G26760 20708 at 5.59 microtubule associated protein 
microtubule 
associated protein 
bio1B-bio10, 
WTB-bio10 
DEVELOPMENT 
AT2G42840 15189 s at 12.25 protodermal factor 1 (PDF1) 
embryonic 
development 
biol B-bio10, 
WTB-bio10 
AT2G02450 15835_at 9.32 no apical meristem (NAM) development 
bio1B-bio10, 
WTB-biolO 
AT2G45660 14123 at 8.40 MADS-box protein (AGL20) 
positive regulation of 
flower development 
bio1B-bio10, 
WTB-bio10 
AT4G24230 20030 at 5.69 acyl-CoA binding protein 
vascular tissue 
pattern formation 
AT2G02450 13418 at 5.63 no apical meristem (NAM) family protein development 
biol B-bio10, 
WTB-bio10 
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other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
WT-0 > blo1-0,5-fold or greater change (continued) 
DNA/RNA METABOLISM 
AT4G34410 19108 at 52.81 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-WTO, 
biol B-WTB, 
WTB-bio10 
AT2G26150 12431 at 11.23 heat shock transcription factor 
regulation of 
transcription, DNA-
dependent biol B-WTO 
AT5G62470 18044 f at 10.44 MYB family transcription factor 
regulation of 
transcription 
WTB-WTO, 
biol B-WTO 
AT1G24330 13304 at 7.97 armadillo/beta-catenin repeat family protein 
regulation of 
transcription biol B-WTO 
AT4G32700 16750 at 7.52 
DNA-directed DNA polymerase, similar to 
DNA helicase DNA replication 
WTB-WTO, 
biol B-WTO 
AT1G24200 13303 at 6.31 
paired amphipathic helix repeat-containing 
protein similar to Sin3 protein 
regulation of 
transcription, DNA-
dependent 
bio1B-bk)10, 
WTB-biolO 
AT1G62085 19304 i at 5.93 mitochondrial transcription termination factor transcription 
AT2G35000 15002 at 5.51 zinc finger protein 
regulation of 
transcription, DNA-
dependent 
AT2G18380 16188 at 5.45 zinc finger protein 
regulation of 
transcription, DNA-
dependent 
AT4G33450 14818 q at 5.41 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent WTB-bio10 
AT2G29540 17088 s at 5.40 
DNA-directed RNA polymerase l(A) and lll(C) 
14 kDa subunit (RPAC14) tRNA transcription 
AT1G04500 17665 at 5.35 zinc finger protein 
zinc finger binding 
protein biol B-WTO 
AT1G43160 19673 g at 5.34 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
biol B-WTO 
AT2G17600 20318 at 5.20 DC1 domain-containing protein 
nucleotide-excision 
repair 
IGY PRODUCTION 
AT3G27690 15153 at 8.10 chlorophyll A-B binding protein (LHCB2.4) photosynthesis 
bio1B-bio10, 
WTB-bio10 
CARBOHYDRATE METABOLISM 
AT2G01630 14042 at 6.04 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
carbohydrate 
metabolism WTB-bio10 
AT1G22880 20265 at 5.84 glycosyl hydrolase family 9 
carbohydrate 
metabolism bio1B-bio10 
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fold-
LocusJD 8k Affy ID change Description 
WT-0 > bio1-0, 5-fold or greater change (continued) 
LIPID METABOLISM 
AT5G46900 16489 at 17.31 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport 
bio1B-bio10, 
WTB-bio10 
AT4G28780 17196 at 10.37 lipase/acylhdrolase with GDSL-like motif lipase/ acylhydrolase 
bio1B-bio10, 
WTB-bio10 
AT3G52160 19038 at 6.26 beta-ketoacyl-CoA synthase 
fatty acid 
biosynthesis 
AT4G01950 19992 at 5.98 acyltransferase 
phospholipid 
biosynthesis WTB-bio10 
AT1G09750 14018 at 5.28 chioroplast nucleoid DNA binding protein lipid metabolism 
bio1B-bio10, 
WTB-bio10 
PROTEIN AND AMINO ACID METABOLISM 
AT3G46930 17967 at 10.62 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
bio1B-bio10 
AT3G12580 13284 at 9.01 heat shock protein 70 protein folding 
WTB-WTO, 
biol B-WTO 
AT3G57760 17658 at 8.28 protein kinase 
protein amino acid 
phosphorylation WTB-WTO 
AT4G24670 14757 at 8.28 allinase 
histidine 
biosynthesis 
bio1B-bio10, 
WTB-bio10 
AT2G46850 16262 at 7.30 expressed protein 
protein amino acid 
phosphorylation 
biol B-WTO, 
biol B-WTB, 
WTB-bio10 
AT1G76700 15367 at 6.94 DNAJ heat shock protein protein folding 
AT5G66850 19644 at 6.66 protein kinase 
protein amino acid 
phosphorylation 
AT1G09440 17293 at 6.33 protein kinase 
protein amino acid 
phosphorylation WTB-bio10 
AT4G11310; 
AT4G11320 12748 f at 6.03 cysteine proteinase cysteine proteinase 
bio1B-bio10, 
WTB-bio10 
AT5G26300 15951 i at 5.97 
meprin and TRAP homology domain-
containing protein, low similarity to ubiquitin-
specific protease 12 
ubiquitin-dependent 
protein catabolism 
AT4G04510 17290 at 5.77 protein kinase 
protein amino acid 
phosphorylation 
biol B-WTB, 
WTB-bio10 
AT4G04695; 
AT4G04700 12266 at 5.75 calcium-dependent protein kinase protein kinase 
biol B-WTB, 
WTB-bio10 
AT4G32070 20543 at 5.70 
octicosapeptide/Phox/Bem1 p (PB1) domain-
containing protein protein kinase 
bio1B-bio10, 
WTB-bio10 
AT1G02110 19174 at 5.69 proline-rich protein 
N-terminal protein 
myristoylation 
other lists 
containing 
Biological Process this gene 
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WT-0 > bio1-0, 5-fold or greater change (continued) 
PROTEIN AND AMINO ACID METABOLISM (continued) 
AT1G05630 20107 at 5.67 
similar to inositol 1,4,5-trisphosphate 5-
phosphatase 
protein amino acid 
phosphorylation/ 
dephosphorylation WTB-bio10 
AT1G08630 20186 at 5.63 L-allo-threonine aldolase 
amino acid 
metabolism 
AT4G18640 18156 at 5.61 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
bid B-bio10, 
WTB-bio10 
AT1G54550 14370 at 5.44 F-box family protein 
ubiquitin-dependent 
protein catabolism WTB-bio10 
AT4G21650; 
AT4G21640; 
AT4G21630 13603 f at 5.41 subtilase 
ubiquitin-dependent 
protein catabolism 
bid B-bio10, 
WTB-bio10 
AT2G17880 19945 at 5.08 DNA J heat shock protein protein folding WTB-bio10 
AT2G33310 13293 s at 5.07 indoleacetic acid-induced protein 13 (IAA13) 
regulation of 
translation 
SIGNAL TRANSDUCTION 
intracellular signaling WTB-WTO, 
AT2G31650 19491 at 8.45 Trithoraxl ; activates flower homeotic genes cascade bid B-WTO 
ION HOMEOSTASIS 
bid B-bio10, 
AT5G01600 16031 at 10.55 ferritin 1 (FER1) iron ion homeostasis WTB-bio10 
TRANSPORT 
AT1G61890 19843 at 6.89 MATE efflux family protein multidrug transport 
AT2G03260 18833 at 6.56 EXS family protein transport biol B-bio10 
AT2G03240 14980 at 5.93 EXS family protein ion transport 
AT2G21540 19290 at 5.83 
SEC14 cytosolic factor, putative 
phosphoglyceride transfer protein transport WTB-bio10 
ATI G11260 16488 at 5.55 glucose transporter 
organic anion 
transport 
AT3G48010 14291 at 5.50 cyclic nucleotide-regulated ion channel ion transport 
AT2G22500 13617 at 5.04 mitochondrial carrier protein 
mitochondrial 
transport 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT1G54050 15404 at 21.59 heat shock protein response to heat 
biol B-WTO, 
WTB-bio10 
AT1G53540 13276 at 20.24 heat shock protein response to heat 
WTB-WTO, 
bid B-WTO 
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WT-0 > bio1-0, 5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT5G20630 15160 s at 17.95 germin-like protein (GER3) defense response 
biol B-bio10, 
WTB-bidO 
AT5G12030 13278 f at 17.72 heat shock protein 
hyperosmotic 
response 
WTB-WTO, 
bid B-WTO 
ATI G11960 18995 at 17.18 
early-responsive to dehydration-related 
(ERD4) 
response to water 
deprivation 
bid B-WTO, 
bid B-WTB 
AT3G46230; 
AT3G46220 13275 f at 12.14 heat shock protein response to heat 
WTB-WTO, 
bid B-WTO 
AT2G17840 13004 at 10.91 senescence/dehydration-associated protein 
response to water 
deprivation bid B-WTO 
AT3G48390 
AT2G34930 
19877_at 
12251 at 
8.42 
8.35 
MA3 domain-containing protein 
disease resistance family protein 
programmed cell 
death 
defense response 
WTB-bio10 
WTB-WTO, 
bid B-WTO, 
bid B-WTB 
AT5G12020 13279 at 8.33 heat shock protein response to heat 
WTB-WTO, 
bid B-WTO 
AT1G09090 17849 s at 8.12 
NADPH oxidase, respiratory burst oxidase 
protein B (RbohB) defense response bid B-bio10 
AT5G12030 13277 I at 7.99 heat shock protein 
hyperosmotic 
response 
WTB-WTO, 
bid B-WTO 
AT1G59860 18945 at 7.56 heat shock protein response to heat 
bid B-WTO, 
bid B-WTB 
AT5G67400 20296 s at 7.28 peroxidase 73 (PER73; P73; PRXR11 ) 
response to oxidative 
stress 
bid B-bio10, 
WTB-bio10 
AT5G52640 13285 at 7.15 heat shock protein (HSP81 -1 ) response to heat 
WTB-WTO, 
bid B-WTO 
AT4G11280 12891 at 7.00 
1 -aminocyclopropane-1 -carboxylate synthase 
6, ACC synthase 6 (ACS6) 
response to external 
stimulus 
AT2G14210 19609 at 6.36 MADS-box protein (ANR1) response to nutrients 
bid B-bio10, 
WTB-bio10 
AT1G20450 15103 s at 6.08 dehydrin response to stress 
AT4G29020 12239 at 5.88 glycine-rich protein defense response 
bio1B-bio10, 
WTB-bidO 
AT1G74310; 
AT1G74300 13274 at 5.77 heat shock protein 101 response to heat 
WTB-WTO, 
bid B-WTO 
AT5G66400 16038 s at 5.22 dehydrin (RAB18) 
response to abscisic 
acid stimulus 
bid B-bid 0, 
WTB-bidO 
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WT-0 > bio1-0, 5-fold or greater change (continued) 
SECONDARY METABOLISM 
AT2G01520 16016 at 25.86 major latex protein-related alkaloid metabolism 
biol B-bio10, 
WTB-bio10 
AT1G76090 15198 at 10.37 
S-adenosyl-methionine-sterol-C-
methyltransferase sterol biosynthesis WTB-bio10 
AT2G02500 18397 at 5.82 
4-Diphosphocytidyl-2C-methyl-D-erythritol 
synthase (ISPD) 
isoprenoid 
biosynthesis bio1B-bio10 
AT2G01530 12758 at 5.74 major latex protein alkaloid metabolism 
bio1B-bio10, 
WTB-bio10 
AT4G19010 15575 at 5.02 4-coumarate-CoA ligase 
phenylpropanoid 
metabolism bio1B-bio10 
OTHER METABOLIC PROCESSES 
AT1G09230 13496 at 7.09 
RNA recognition motif (RRM)-containing 
protein RNA binding 
AT4G27100 16758 at 5.93 similar to GTPase activating protein 
GTPase activating 
protein biol B-bio10 
AT2G43920 18635 at 5.60 thiol methyltransferase sulfur metabolism 
AT4G03110 12471 s at 5.51 RNA-binding protein, similar to Etr-1 RNA binding WTB-bidO 
AT2G46780 12546 at 5.47 
RNA recognition motif (RRM)-containing 
protein RNA binding WTB-bio10 
UNKNOWN 
AT2G34170 13585 at 14.39 expressed protein 
biologicalprocess 
unknown 
bio1B-bio10, 
WTB-bidO 
AT1G12080 18881 at 11.64 expressed protein 
biological_process 
unknown 
bid B-bio10, 
WTB-bio10 
AT4G03940 15462 at 8.18 expressed protein 
biological_process 
unknown bid B-WTO 
AT2G34170 13586_g_at 7.32 expressed protein 
biological_process 
unknown 
bid B-bid 0, 
WTB-bio10 
AT2G35820 19387 at 7.23 expressed protein 
biological_process 
unknown 
WTB-WTO, 
bid B-WTB 
AT3G26690 15450 at 7.23 
MutT/nudix family protein, similar to 
diadenosine 5',5"'-P1 ,P6-hexaphosphate 
hydrolase 
biological_process 
unknown 
AT4G29790 20657 at 6.65 expressed protein 
biological_process 
unknown bio1 B-bid 0 
AT2G32200 15341 at 5.97 hypothetical protein 
biological_process 
unknown 
AT3G50780 16307 at 5.90 expressed protein 
biological_process 
unknown 
AT4G36850 20558 at 5.80 PQ-loop repeat family protein 
biologicalprocess 
unknown 
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WT-0 > bio1-0, 5-fold or greater change (continued) 
UNKNOWN (continued) 
AT2G28580 15742 s at 5.79 hypothetical protein 
biological_process 
unknown biol B-WTO 
AT3G50960 14953 at 5.45 expressed protein 
biological process 
unknown 
AT1G62890 18173 at 5.37 hypothetical protein 
biological process 
unknown 
WTB-WTO, 
biol B-WTO 
AT3G05830 15693 at 5.15 expressed protein 
biological process 
unknown 
UNCLASSIFIED 
18049 at 8.85 no match no hits 
16392 at 5.28 no match no hits 
bio1-B > bio1-0, 5-fold or greater change 
CELL WALL 
AT2G20750 20675 at 5.43 beta-expansin 
cell wall organization 
and biogenesis 
(sensu 
Magnoliophyta) 
AT5G17410; 
AT5G17420 16560 s at 5.38 cellulose synthase, catalytic subunit (IRX3) cellulose 
AT4G31590 15763 at 5.30 
glycosyl transferase family 2, similar to 
cellulose synthase cellulose 
WTB-bio10, 
biol O-WTO 
AT1G23200 18935 at 5.16 pectinesterase cell wall modification WTB-bio10 
CELLULAR PROCESSES 
AT5G19530 17999 at 8.63 spermine/spermidine synthase cell elongation 
WTB-biolO, 
biol O-WTO 
AT2G40610 19660_at 8.36 alpha-expansin gene family, putative EXP8 cell elongation bid B-WTO 
AT1G12040 19826 at 7.53 leucine-rich repeat family 
cellular 
morphogenesis 
during differentiation 
WTB-WTO, 
biol B-WTO, 
WTB-bio10 
AT4G26760 20708 at 7.07 microtubule associated protein 
microtubule 
cytoskeleton 
organization and 
biogenesis/ 
regulation of 
cytokinesis 
WTB-bidO, 
biol O-WTO 
AT2G20290 16332 at 6.07 myosin 
actin filament-based 
movement WTB-bio10 
AT2G20520 14076 at 5.95 fasciclin-like arabinogalactan-protein (FLA6) cell adhesion 
AT5G23860 16052 at 5.07 tubulin beta-8 chain (TUBS) (TUBB8) 
2 microtubule-based 
process 
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DEVELOPMENT 
AT2G42840 15189 s at 13.18 protodermal factor 1 (PDF1) 
embryonic 
development 
WTB-biolO, 
biol O-WTO 
AT2G45660 14123 at 8.95 MADS-box protein (AGL20) 
positive regulation of 
flower development 
WTB-bio10, 
bid 0-WTO 
AT2G33790 20045 at 8.11 
pollen Ole e 1 allergen, similar to 
arabinogalactan protein development WTB-bio10 
AT2G02450 15835 at 7.11 no apical meristem (NAM) development 
WTB-bio10, 
biol O-WTO 
AT1G65480 16113 s at 5.72 
flowering locus T protein (FT), 
phosphatidylethanolamine-binding protein 
negative regulation 
of flower 
development 
AT4G17280 12126 at 5.57 auxin responsive family, similar to AIR12 development 
WTB-WTO, 
bid B-WTO, 
WTB-bidO 
AT1G71830 20231 at 5.51 leucine-rich repeat protein kinase 
embryonic 
development (sensu 
Magnoliophyta) 
AT2G02450 13418 at 5.21 no apical meristem (NAM) family protein development 
WTB-bio10, 
bid O-WTO 
AT4G22010 13609 at 5.12 multi-copper oxidase type I 
male gametophyte 
development 
AT2G46910 15509 at 5.10 plastid-lipid associated protein, fibrillin development 
WTB-WTO, 
WTB-bio10 
DNA/RNA METABOLISM 
AT2G18380 16188 at 7.04 zinc finger protein 
regulation of 
transcription, DNA-
dependent 
AT2G45430 18384 at 6.98 DNA-binding protein 
regulation of 
transcription, DNA-
dependent 
AT1G20920 12047 at 6.77 DEAD box RNA helicase DNA recombination WTB-bidO 
AT1G24200 13303 at 6.73 
paired amphipathic helix repeat-containing 
protein similar to Sin3 protein 
regulation of 
transcription, DNA-
dependent 
WTB-bio10, 
bid O-WTO 
AT2G35000 15002 at 6.09 zinc finger protein 
regulation of 
transcription, DNA-
dependent bid O-WTO 
AT5G40330 18741 f at 5.75 MYB family transcription factor 
regulation of 
transcription 
AT2G38090 13423 s at 5.14 MYB family transcription factor 
regulation of 
transcription 
AT4G37010 17854 at 5.10 caltractin DNA repair 
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bio1-B > bio1-0, 5-fold or greater change (continued) 
ENERGY PRODUCTION 
AT2G32300 17100 s at 11.14 uclacyanin I electron transport WTB-bio10 
AT3G27690 15153 at 8.47 chlorophyll A-B binding protein (LHCB2:4) photosynthesis 
WTB-biolO, 
biol O-WTO 
AT4G20820 15819 s at 5.08 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport WTB-bio10 
CARBOHYDRATE METABOLISM 
AT2G32990 14606 at 7.33 
glycosyl hydrolase family 9, similar to endo-
beta-1,4-glucanase 
carbohydrate 
metabolism 
AT1G22880 20265 at 6.31 glycosyl hydrolase family 9 
carbohydrate 
metabolism biol 0-WT0 
AT4G02290 14028 at 5.54 
glycosyl hydrolase family 9, similar to endo-1,4 
beta glucanase 
carbohydrate 
metabolism 
AT4G25820 16630 s at 5.01 xyloglucan endotransglycosylase 
carbohydrate 
metabolism 
LIPID METABOLISM 
AT5G46900 16489 at 66.23 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport 
WTB-biolO, 
biol O-WTO 
AT4G28780 17196 at 23.78 lipase/ acylhydrolase with GDSL-like motif lipase/ acylhydrolase 
WTB-biolO, 
biol O-WTO 
AT1G02205 15145 s at 8.05 
CER1 protein identical to maize gl1 homolog 
(glossyl) cuticle biosynthesis WTB-bio10 
AT4G15160 16974 at 6.11 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport WTB-bio10 
AT1G09750 14018 at 6.06 chloroplast nucleoid DNA binding protein lipid metabolism 
WTB-bio10, 
biol O-WTO 
AT4G18970 16434 at 5.59 GDSL-like lipase/ acylhydrolase lipase/ acylhydrolase 
PROTEIN AND AMINO ACID METABOLISM 
AT5G42190; 
AT5G42180 19622_g_at 25.13 
E3 ubiquitin ligase SCF complex subunit 
SKP1/ASK1 (At2) 
ubiquitin-dependent 
protein catabolism 
WTB-WTO, 
biol B-WTO, 
WTB-bidO 
AT4G12510; 
AT4G12520 18983 s at 18.53 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) 
protease 
inhibitor/seed 
storage/lipid transfer 
protein WTB-bidO 
AT4G11310; 
AT4G11320 12748 f at 14.09 cysteine proteinase cysteine proteinase 
WTB-biolO, 
bid O-WTO 
AT4G21650; 
AT4G21640; 
AT4G21630 13603 f at 12.02 subtilase 
ubiquitin-dependent 
protein catabolism 
WTB-bio10, 
bid O-WTO 
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bio1-B > bio1-0, 5-fold or greater change (continued) 
PROTEIN AND AMINO ACID METABOLISM (continued) 
AT4G11320 12746 i at 10.31 cysteine proteinase 
proteolysis and 
peptidolysis WTB-bio10 
AT4G21650; 
AT4G21640; 
AT4G21630 14114 f at 9.16 subtilase 
ubiquitin-dependent 
protein catabolism WTB-biolO 
AT4G26540 19418 at 8.53 protein kinase 
protein amino acid 
phosphorylation 
AT4G24670 14757 at 7.66 allinase 
histidine 
biosynthesis 
WTB-bio10, 
biol O-WTO 
AT1G54820 18115 at 7.29 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
biol B-WTO, 
WTB-bio10 
AT4G18640 18156 at 7.19 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
WTB-bio10, 
biol O-WTO 
AT1G61170 19399 at 5.55 expressed protein 
N-terminal protein 
myristoylation 
AT3G46930 17967 at 5.48 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
biol O-WTO 
AT4G32070 20543 at 5.16 
octicosapeptide/Phox/Bem 1 p (PB1) domain-
containing protein protein kinase 
WTB-bio10, 
biol O-WTO 
SIGNAL TRANSDUCTION 
AT1G04660 14092 at 7.31 glycine-rich protein 
G-protein coupled 
receptor protein 
signaling pathway 
biol B-WTO, 
biol B-bio10 
AT5G10430 15107 s at 5.58 arabinogalactan-protein (AGP4) 
G-protein coupled 
receptor protein 
signaling pathway 
ION HOMEOSTASIS 
WTB-bio10, 
AT5G01600 16031 at 10.51 ferritin 1 (FER1) iron ion homeostasis biol O-WTO 
TRANSPORT 
AT2G03260 18833_at 7.67 EXS family protein ion transport biol O-WTO 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT5G20630 15160 s at 24.31 germin-like protein (GER3) defense response 
WTB-bio10, 
biol O-WTO 
AT4G29020 12239 at 16.20 glycine-rich protein 
response to 
pathogen 
WTB-bio10, 
biol O-WTO 
AT2G35380 12575 s at 13.48 peroxidase 20 (PER20; P20) 
response to oxidative 
stress 
WTB-WTO, 
bid B-WTO, 
WTB-bio10 
AT2G40130 17639 at 11.26 heat shock protein response to heat 
WTB-WTO, 
biol B-WTO, 
WTB-bio10 
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biol'B > bio1-0, 5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT5G67400 20296 s at 10.79 peroxidase 73 (PER73; P73; PRXR11) 
response to oxidative 
stress 
WTB-bio10, 
biol 0-WT0 
AT4G13580; 
AT4G13590 12139 at 10.19 disease resistance-responsive protein disease resistance WTB-bio10 
AT3G49960 19592 at 9.69 peroxidase ATP21 a 
response to oxidative 
stress 
biol B-WTO, 
WTB-bio10 
AT5G26660 16534 s at 8.96 MYB family transcription factor response to UV 
AT5G66400 16038 s at 7.36 dehydrin (RAB18) 
response to abscisic 
acid stimulus 
WTB-bio10, 
biol O-WTO 
AT3G61850 19662 s at 6.16 zinc finger protein 
response to red/far-
red light 
AT2G02120 16040 at 5.98 
putative plant defensin-fusion protein 
(PDF2.1) defense response WTB-bio10 
AT2G14210 19609 at 5.67 MADS-box protein (ANR1) response to nutrients 
WTB-bio10, 
biol O-WTO 
AT1G75030 13207 at 5.55 thaumatin-like protein 
response to 
pathogen 
AT1G05260 17102 s at 5.47 peroxidase 3 (PER3; P3) response to cold WTB-bio10 
AT2G39040 18150 at 5.26 
peroxidase, similar to cationic peroxidase 
isozyme 38K precursor 
response to oxidative 
stress 
AT4G29030 20201 at 5.25 glycine-rich protein 
response to 
pathogen 
AT1G09090 17849 s at 5.14 
NADPH oxidase, respiratory burst oxidase 
protein B (RbohB) defense response biol O-WTO 
AT2G28670 19374 at 5.01 
disease resistance-responsive family protein, 
fibroin-related 
response to 
pathogenic fungi 
WTB-WTO, 
biol B-WTO, 
bid B-bio10 
SECONDARY METABOLISM 
AT2G01520 16016 at 41.42 major latex protein-related alkaloid metabolism 
WTB-bidO, 
biol O-WTO 
AT2G01530 12758 at 13.35 major latex protein alkaloid metabolism 
WTB-bidO, 
biol O-WTO 
AT2G02500 18397 at 6.98 
4-Diphosphocytidyl-2C-methyl-D-erythritol 
synthase (ISPD) 
isoprenoid 
biosynthesis biol O-WTO 
AT2G38080 16872 at 5.41 putative laccase lignin biosynthesis WTB-bio10 
AT4G19010 15575 at 5.01 4-coumarate-CoA ligase 
phenylpropanoid 
metabolism biol O-WTO 
other lists 
containing 
Biological Process this gene 
Appendix. Continued. 
140 
other lists 
fold- containing 
LocusJD 8k Affy ID change Description Biological Process this gene 
bio1-B > bio1-0, 5-fold or greater change (continued) 
OTHER METABOLIC PROCESSES 
AT2G46710 13032 at 6.18 rao GTPase activating protein 
GTPase activating 
protein WTB-bio10 
AT2G23220; 
AT2G23190 18551 at 5.71 cytochrome P450 
cytochrome P450 
family 
AT4G27100 16758 at 5.39 similar to GTPase activating protein 
GTPase activating 
protein bio 10-WTO 
AT4G13290; 
AT4G13310 20278 s at 5.06 cytochrome P450 
cytochrome P450 
family WTB-bidO 
UNKNOWN 
AT2G34170 13585 at 16.94 expressed protein 
biological process 
unknown 
WTB-biolO, 
bid O-WTO 
AT1G12080 18881 at 11.63 expressed protein 
biological process 
unknown 
WTB-bio10, 
bid O-WTO 
AT2G33850 18607 at 10.95 expressed protein 
biological process 
unknown WTB-bio10 
AT2G34170 13586_g_at 10.34 expressed protein 
biological process 
unknown 
WTB-bio10, 
biol O-WTO 
AT2G45600 13452 at 8.36 expressed protein 
biological_process 
unknown WTB-bio10 
AT1G30750 15918 at 7.67 expressed protein 
biological_process 
unknown WTB-bidO 
AT1G06750 13836 at 7.39 hypothetical protein 
biological_process 
unknown WTB-bidO 
AT2G28410 12196 at 7.33 expressed protein 
biological_process 
unknown 
AT2G36100 20176 at 6.09 plant integral membrane protein 
biologicalprocess 
unknown 
AT2G45890 15279 at 6.09 expressed protein 
biologicalprocess 
unknown WTB-bio10 
AT4G29790 20657 at 5.42 expressed protein 
biological process 
unknown bid O-WTO 
AT2G37380 12093 at 5.32 expressed protein 
biological process 
unknown bid B-WTB 
UNCLASSIFIED 
18056 r at 5.06 no match no hits WTB-bio10 
bio1-0 > biol'B, 5-fold or greater change 
CELL WALL 
AT4G02330 19267 s at 7.43 pectinesterase cell wall modification 
AT1G14070 15567 at 6.00 xyloglucan fucosyltransferase cell wall biosynthesis biol O-WTO 
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CELLULAR PROCESSES 
AT5G32590 16708 at 7.09 myosin heavy chain-related 
structural component 
of cytoskeleton 
AT2G02230 17698 at 6.09 
F-box family protein, similar to SKP1 
interacting partner 3 
regulation of cell 
cycle WTB-bio10 
AT2G41830 14363 at 5.45 cyclin 
regulation of cell 
cycle 
biol B-WTO, 
biol B-WTB 
DEVELOPMENT 
AT2G29350 20491 at 13.95 tropinone reductase/dehydrogenase aging 
WTB-bidO, 
bid 0-WTO 
AT 1G62360 14655 s at 7.43 
homeobox protein SHOOT MERISTEMLESS 
(STM) 
regulation of 
meristem 
organization 
bid B-WTO, 
bio1B-bio10 
AT2G43000 13381 at 7.03 no apical meristem (NAM) family protein development bid 0-WT0 
DNA/RNA METABOLISM 
AT 1G56650 16073 f at 27.62 MYB family transcription factor 
regulation of 
transcription, DIn­
dependent 
bid B-WTO, 
WTB-bidO 
AT3G23250 12737 f at 23.94 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
bid B-WTO, 
bid B-WTB 
AT1G61960 19511 at 15.67 mitochondrial transcription termination factor 
regulation of 
transcription bid O-WTO 
AT4G36700 13449 at 14.42 cupin 
regulation of 
transcription 
WTB-bio10, 
biol O-WTO 
AT2G17740 12630 at 8.72 DC1 domain-containing protein 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
bid B-WTB, 
bid O-WTO 
AT2G25120 17651 at 7.21 
bromo-adjacent homology (BAH) domain-
containing protein 
regulation of 
transcription bid O-WTO 
AT4G23550 16222 at 6.27 WRKY family transcription factor 
regulation of 
transcription, DIn­
dependent 
AT4G24340 15531 i at 5.79 phosphorylase family protein 
nucleoside 
metabolism 
AT2G13570 19242 at 5.12 CCAAT-box binding transcription factor 
regulation of 
transcription, DNA-
dependent 
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ENERGY PRODUCTION 
AT2G02850 13495 s at 11.01 plantacyanin electron transport 
WTB-bio10, 
biol O-WTO 
AT2G02850 13048 s at 9.96 plantacyanin electron transport 
WTB-bio10, 
biol O-WTO 
AT 1G03990 11993 at 7.86 alcohol oxidase electron transport 
AT2G01510 19082 at 6.98 pentatricopeptide repeat-containing protein electron transport biol O-WTO 
AT3G27620 12451 at 5.05 alternative oxidase 1c, mitochondrial (AOX1C) electron transport 
CARBOHYDRATE METABOLISM 
AT2G43890 17284 at 12.47 putative polygalacturonase 
carbohydrate 
metabolism 
AT4G25000 16859 at 10.15 alpha amylase glycogen catabolism 
WTB-bio10, 
biol O-WTO 
AT2G21590 16403 at 9.45 putative ADP-glucose pyrophosphorylase starch biosynthesis 
AT1G10050 19747 at 6.77 glycosyl hydrolase family 10 protein 
carbohydrate 
metabolism 
AT 1G24320 19306 at 6.19 alpha-glucosidase 
oligosaccharide 
metabolism biol B-WTB 
AT1G23460 19317 at 5.57 
glycosyl hydrolase family 28 
(polygalacturonases) 
carbohydrate 
metabolism 
AT4G33860 13393 at 5.43 
glycosyl hydrolase family 10, xylan 
endohydrolase 
carbohydrate 
metabolism 
AT2G16730 17316 at 5.35 
glycosyl hydrolase family 35, similar to beta-
galactosidase lactose catabolism 
AT4G35010 16874 at 5.15 
glycosyl hydrolase family 35, similar to beta-
galactosidase lactose catabolism 
AT5G13170 16632 at 5.07 nodulin MtN3 
phosphoenol-
pyruvate-dependent 
sugar phospho­
transferase system 
LIPID METABOLISM 
AT1G23500 13815 at 8.21 lipase/ acylhydrolase with GDSL-like motif lipase/ acylhydrolase biol O-WTO 
AT5G54740 13201 at 7.82 Protease inhibitor/seed storage/LTP family lipid transport 
AT2G19060 12701 i at 5.38 GDSL-like lipase/ acylhydrolase lipase/ acylhydrolase 
biol B-WTO, 
bio1B-bio10 
AT4G12480 16150 at 5.35 
protease inhibitor/seed storage/LTP family, 
pEARL11 lipid transport 
WTB-bio10, 
biol O-WTO 
AT2G38530 16432 g at 5.35 nonspecific lipid transfer protein 2 (LTP2) lipid transport WTB-bidO 
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PROTEIN AND AMINO ACID METABOLISM 
AT3G09010 14763 at 10.83 protein kinase 
protein amino acid 
phosphorylation 
WTB-biolO, 
biol 0-WT0 
AT1G16440 17267 at 10.04 protein kinase 
protein amino acid 
phosphorylation 
AT2G20380 13341 at 8.95 kech repeat-containing F-box family protein 
ubiquitin-dependent 
protein catabolism 
biol B-WTO, 
biol B-WTB 
AT4G23250 20223 at 8.30 protein kinase 
protein amino acid 
phosphorylation 
biol B-WTO, 
biol B-bio10 
AT2G24850 17008 at 7.43 aminotransferase 
histidine 
biosynthesis WTB-bio10 
AT1G09080 16364 at 7.06 luminal binding protein 3 (BiP-3; BP3) protein folding 
AT2G25330; 
AT2G25320 13531 at 6.65 similar to ubiquitin-specific protease 
ubiquitin-dependent 
protein catabolism 
biol B-WTO, 
bio1B-bio10 
AT2G41280 19355 s at 6.23 
late embryogenesis abundant (LEA) protein 
M10 
N-terminal protein 
myristoylation 
bid B-WTO, 
bid B-bid 0 
AT4G20140 15560 s at 6.15 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
AT3G59700 19462 at 6.12 lectin protein kinase 
protein amino acid 
phosphorylation 
AT2G29070 15508 at 5.93 ubiquitin fusion degradation (UFD1) 
ubiquitin-dependent 
protein catabolism WTB-bidO 
AT4G28130 13795 at 5.77 diacylglycerol kinase 
protein kinase C 
activation 
AT4G11020 15361 i at 5.70 expressed protein 
N-terminal protein 
myristoylation 
AT2G42550 16281 at 5.64 protein kinase 
protein amino acid 
phosphorylation 
AT5G26140 14876 at 5.29 lysine decarboxylase lysine biosynthesis bid B-WTB 
AT3G52010 18137 at 5.09 serine carboxypeptidase 510 
proteolysis and 
peptidolysis 
WTB-WTO, 
bid 0-WT0 
SIGNAL TRANSDUCTION 
AT2G02170 17162 at 6.08 remorin family protein cell to cell signaling 
bid B-WTO, 
biol B-bid 0 
AT1G09180 17417 at 5.32 GTP-binding protein 
small GTPase 
mediated signal 
transduction 
ION HOMEOSTASIS 
AT5G27100 18516 at 7.09 glutamate receptor family protein 
calcium ion 
homeostasis 
biol B-WTO, 
bid B-WTB 
AT2G29120 18844 at 5.79 glutatmate receptor 
calcium ion 
homeostasis 
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TRANSPORT 
AT4G23700 13627 at 16.25 cation/hydrogen exchanger, putative (CHX17) cation transport 
WTB-bio10, 
bio10-WT0 
AT4G37050 17749 at 14.52 patatin transport 
bio1B-WT0, 
WTB-bio10 
AT 1G77380 12372 at 8.25 transmembrane amino acid transporter protein 
basic amino acid 
transport 
bio1B-WT0, 
bio1B-bio10 
AT4G21680 19762 at 7.57 
proton-dependent oligopeptide transport 
(POT) 
oligopeptide 
transport WTB-bio10 
AT3G15356 18228 at 6.21 legume lectin family protein 
carbohydrate 
transport 
AT1G05300 19718 at 5.58 
metal transporter, member of the Zinc (Zn2+)-
Iron (Fe2+) permease (ZIP) family cation transport 
AT2G45220 20269 at 5.57 pectinesterase 
dicarboxylic acid 
transport 
WTB-bio10, 
bio10-WT0 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT2G14610 14635 s at 335.39 pathogenesis-related protein 1 (PR-1) 
response to 
pathogen 
WTB-bio10, 
bio10-WT0 
AT3G57260 13212 s at 41.05 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
systemic acquired 
resistance 
WTB-WT0, 
biol B-WT0, 
WTB-bio10, 
biol 0-WT0 
AT2G39330 17273 at 33.60 
jacalin lectin family protein, similar to 
myrosinase-binding protein 
response to 
pest/pathogen/ 
parasite 
WTB-bio10, 
biol 0-WT0 
AT2G43570 17840 at 15.00 chitinase 
response to 
pest/pathogen/ 
parasite 
WTB-bio10, 
biol 0-WT0 
AT1G33960 12879 at 14.09 avirulence induced gene (AIG1) 
response to 
pathogenic bacteria 
WTB-bio10, 
bio10-WT0 
AT2G43510 19171 at 11.67 trypsin inhibitor, similar to MTI-2 defense response 
WTB-bio10, 
biol 0-WT0 
AT4G33720 20308 s at 10.04 pathogenesis-related protein, similar to PR-1 
response to 
pathogen 
WTB-bio10, 
biol O-WTO 
AT1G22900 15415 at 9.30 disease resistance-responsive family protein defense response 
WTB-bio10, 
bid O-WTO 
AT2G32680 16365 at 8.64 disease resistance family protein defense response 
WTB-bio10, 
biol O-WTO 
AT4G33720 12933 r at 7.48 
Pathogenesis-related protein 1 precursor (PR-
1) 
response to 
pathogen 
AT1G54010 16493 at 6.23 lipase/ acylhydrolase with GDSL-like motif 
response to 
pest/pathogen/ 
parasite 
AT1G14420 16857 at 5.86 pectate lyase 
response to 
pathogen biol O-WTO 
AT2G07020 19029 at 5.71 protein kinase response to stress 
AT3G04720 15162 at 5.62 hevein-like protein (HEL) 
response to ethylene 
stimulus 
WTB-bio10, 
bid O-WTO 
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RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT2G38870 19892 at 5.55 protease inhibitor, Potato inhibitor I family 
response to 
wounding WTB-bio10 
AT4G23280 20235 i at 5.45 protein kinase defense response 
AT4G21340 14885 at 5.30 similar to ethylene-inducible ER33 protein 
response to ethylene 
stimulus 
AT4G11650 16914 s at 5.24 osmotin-like protein (OSM34); thaumatin 
response to 
pathogen 
WTB-bio10, 
biol O-WTO 
SECONDARY METABOLISM 
AT2G38240 19284 at 23.20 
oxidoreductase, similar to flavonol synthase, 
leucoanthocyanindin dioxygenase 
flavonoid 
biosynthesis 
bid B-WT0, 
WTB-bio10 
AT1G61120 17511 s at 18.62 
terpens synthase/cyclase, similar to S-linalool 
synthase 
isoprenoid 
biosynthesis 
WTB-bio10, 
bid 0-WT0 
AT1G02920; 
AT1G02930 16054 s at 12.44 glutathione-S-transferase 
anthocyanin 
biosynthesis WTB-bio10 
AT1G17020 17484 at 10.96 
oxidoreductase, similar to flavonol synthase, 
leucoanthocyanindin dioxygenase 
flavonoid 
biosynthesis 
AT4G22880 17026 s at 10.62 
leucoanthocyanidin dioxygenase, putative / 
anthocyanidin synthase 
anthocyanin 
biosynthesis 
WTB-bidO, 
bid O-WTO 
AT1G16420 20128 at 6.81 putative latex-abundant protein (AMC8) alkaloid metabolism biol B-WTB 
AT 1G01480 12851 s at 6.62 
1 -aminocyclopropane-1 -carboxylate synthase 
2, ACC synthase 2 (ACS2) 
ethylene 
biosynthesis 
WTB-bio10, 
biol O-WTO 
AT4G19810 20420 at 6.21 
glycosyl hydrolase family 18, similar to 
chitinase/lysozyme 
secondary 
metabolism 
WTB-WTO, 
bid B-WTO, 
WTB-bio10, 
biol O-WTO 
AT5G24160 19704 i at 5.75 squalene epoxidase 1,2 (SQP1,2) sterol biosynthesis 
WTB-bio10, 
bid O-WTO 
OTHER METABOLIC PROCESSES 
AT2G30750; 
AT2G30770 14609 at 14.83 cytochrome P450 
cytochrome P450 
family 
WTB-bio10, 
bid O-WTO 
AT1G02920 16053 i at 13.41 glutathione-S-transferase toxin catabolism 
WTB-bio10, 
biol O-WTO 
AT5G64000 16769 at 6.87 putative inositol polyphosphate 1 -phosphatase sulfur metabolism 
AT4G21830 18224 s at 6.23 methionine sulfoxide reductase sulfur metabolism 
AT2G29460 19640 at 5.07 glutathione S-transferase toxin catabolism WTB-bio10 
UNKNOWN 
AT 1G62420 17681 at 20.79 expressed protein 
biological process 
unknown 
bid B-WTO, 
WTB-bidO 
AT2G21640 12216 at 15.73 expressed protein 
biological process 
unknown 
WTB-bio10, 
biol O-WTO 
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UNKNOWN (continued) 
AT2G14560 14704 s at 10.36 expressed protein 
biological_process 
unknown 
WTB-bidO. 
bid 0-WT0 
AT2G27670 14318 at 7.91 hypothetical protein 
biological_process 
unknown 
AT2G40435 12199 at 7.46 expressed protein 
biological process 
unknown WTB-bio10 
AT1G23570 13374 at 7.46 expressed protein 
biological process 
unknown 
WTB-WT0, 
bio1B-WTB, 
bid O-WTO 
AT4G20160 16656 at 7.31 expressed protein 
biological process 
unknown biol O-WTO 
AT2G14560 15846 at 5.88 expressed protein 
biological_process 
unknown 
WTB-bio10, 
biol O-WTO 
AT2G11620 18586 i at 5.67 hypothetical protein 
biological_process 
unknown 
WTB-WTO, 
bid B-WTB 
AT4G03000 18333 at 5.52 expressed protein 
biological_process 
unknown 
AT1G27020 18235 at 5.47 expressed protein 
biologicalprocess 
unknown WTB-bio10 
AT1G61930 12059 at 5.44 expressed protein 
biological_process 
unknown WTB-bio10 
AT2G03370 17615 at 5.36 hypothetical protein 
biological_process 
unknown biol B-WTB 
AT4G38560 15768 at 5.20 expressed protein 
biological_process 
unknown 
AT1G76960 14096 at 5.14 expressed protein 
biologicalprocess 
unknown bio 10-WTO 
UNCLASSIFIED 
18068 r at 16.05 no match no hits 
bid B-WTB, 
bid O-WTO 
20512 at 12.19 no match no hits bid B-WTB 
18697 i at 9.87 no match no hits 
bid B-WTO, 
biol B-WTB 
14774 i at 7.80 no match no hits 
19808 at 6.29 no match no hits bid O-WTO 
14813 at 6.24 no match no hits 
15724 at 5.44 no match no hits bid O-WTO 
15821 i at 5.20 no match no hits 
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CELLULAR PROCESSES 
AT2G40610 19660 at 6.17 alpha-expansin gene family, putative EXP8 cell elongation biol B-bio10 
AT1G12040 19826 at 5.97 leucine-rich repeat family 
cellular 
morphogenesis 
during differentiation 
WTB-WTO, 
bio1B-bio10, 
WTB-bio10 
DEVELOPMENT 
AT4G17670 18660 at 10.09 
similar to senescence-associated protein 
SAG102 senescence biol 0-WT0 
AT4G36930 19740 at 6.93 
basic helix-loop-helix family protein SPATULA 
(SPT) flower development WTB-WTO 
AT4G17280 12126 at 6.74 auxin responsive family, similar to AIR12 development 
WTB-WTO, 
biol B-bio10, 
WTB-bidO 
DNA/RNA METABOLISM 
AT2G46870 13019 at 7.07 DNA-binding protein 
regulation of 
transcription, DNA-
dependent WTB-WTO 
AT3G60220 16562 s at 6.86 zinc finger family protein 
regulation of 
transcription, DNA-
dependent 
AT2G44880 18511 at 6.12 pentatricopeptide repeat-containing protein gene expression WTB-WTO 
AT1G60240 17687 at 5.07 
apical meristem formation protein-related, 
similar to CUC1 
regulation of 
transcription 
ENERGY PRODUCTION 
AT3G14940 15101 S at 6.54 phosphoenolpyruvate carboxylase 
tricarboxylic acid 
cycle WTB-WTO 
AT2G33230 15260 at 6.00 flavin-containing monooxygenase electron transport WTB-WTO 
AT1G30710 20131 at 5.81 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport biol 0-WT0 
AT4G35650 12329 at 5.43 
NAD+ dependent isocitrate dehydrogenase 
subunit 1 
tricarboxylic acid 
cycle 
CARBOHYDRATE METABOLISM 
AT4G24010 17940_g_at 7.38 cellulose synthase 
polysaccharide 
biosynthesis bid O-WTO 
AT5G24090 12852 s at 5.22 acidic endochitinase 
carbohydrate 
metabolism biol O-WTO 
AT2G43860 17268 at 5.18 putative polygalacturonase 
carbohydrate 
metabolism 
LIPID METABOLISM 
AT4G33070 17920 s at 6.17 pyruvate decarboxylase glyoxylate catabolism 
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PROTEIN AND AMINO ACID METABOLISM 
AT5G42190; 
AT5G42180 19622 q at 11.17 
E3 ubiquitin ligase SCF complex subunit 
SKP1/ASK1 (At2) 
ubiquitin-dependent 
protein catabolism 
WTB-WTO, 
biol B-bio10, 
WTB-bio10 
AT5G26290 15956 at 9.49 
meprin and TRAP homology domain-
containing protein, low similarity to ubiquitin-
specific protease 12 
ubiquitin-dependent 
protein catabolism 
AT2G15310 18180 at 6.11 ADP-ribosylation factor 
N-terminal protein 
myristoylation 
AT1G54820 18115 at 5.83 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
bio1B-bio10, 
WTB-bio10 
AT2G03200 15720 at 5.63 aspartyl protease 
proteolysis and 
peptidolysis 
AT2G27420 16845 at 5.59 cysteine proteinase 
proteolysis and 
peptidolysis biol O-WTO 
AT2G28960 12276 at 5.01 leucine-rich repeat protein kinase 
protein amino acid 
phosphorylation 
SIGNAL TRANSDUCTION 
AT5G54840 18054 at 6.88 GTP-binding family protein 
small GTPase 
mediated signal 
transduction 
WTB-WTO, 
biol O-WTO 
AT1G04660 14092 at 5.45 glycine-rich protein 
G-protein coupled 
receptor protein 
signaling pathway bio1B-bio10 
AT2G25420 17713 at 5.14 transducin family protein signaling 
TRANSPORT 
WTB-WTO, 
AT4G19030 19847 s at 9.64 major intrinsic family protein, NLM1 transport WTB-bidO 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT2G35380 12575 s at 15.23 peroxidase 20 (PER20; P20) 
response to oxidative 
stress 
WTB-WTO, 
bidB-bidO, 
WTB-bidO 
AT2G28670 19374 at 8.63 
disease resistance-responsive family protein, 
fibroin-related 
response to 
pathogenic fungi 
WTB-WTO, 
bidB-bidO 
AT3G52490 15480 at 6.86 heat shock protein response to heat 
WTB-WTO, 
biol O-WTO 
AT1G77100 17784 at 6.61 peroxidase, similar to cationic peroxidase 
response to oxidative 
stress 
WTB-WTO, 
biol O-WTO 
AT2G40130 17639 at 6.14 heat shock protein response to heat 
WTB-WTO, 
bio1B-bio10, 
WTB-bidO 
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RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT3G57260 13212 s at 5.92 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
systemic acquired 
resistance 
WTB-WTO, 
bio1B-bio10, 
WTB-bio10, 
biol O-WTO 
AT3G49960 19592 at 5.82 peroxidase ATP21a 
response to oxidative 
stress 
biol B-bio10, 
WTB-bio10 
AT2G39540 15274 at 5.15 gibberillin-regulated protein 
response to 
gibberellic acid 
stimulus 
WTB-WTO, 
biol O-WTO 
AT1G58400 16738 at 5.01 
disease resistance protein, CC-NBS-LRR 
class defense response 
SECONDARY METABOLISM 
AT4G19810 20420 at 8.27 
glycosyl hydrolase family 18, similar to 
chitinase/lysozyme 
secondary 
metabolism 
WTB-WTO, 
biol B-bio10, 
WTB-bio10, 
biol 0-WT0 
AT1G51990 18209 at 6.81 similar to caffeic acid O-methyltransferase lignin biosynthesis 
WTB-WTO, 
WTB-bio10 
AT2G39410 13809 at 5.67 alpha/beta fold family hydrolase 
aromatic compound 
metabolism 
AT1G49390 20435 at 5.15 
oxidoreductase, similar to flavonol synthase 
and leucoanthocyanidin dioxygenase 
flavonoid 
biosynthesis 
AT4G26220 19348 at 5.08 caffeoyl-CoA O-methyltransferase lignin biosynthesis WTB-WTO 
UNKNOWN 
AT5G42965 17760 at 7.00 hypothetical protein 
biologicalprocess 
unknown 
AT4G18580 12203 at 6.10 expressed protein 
biologicalprocess 
unknown 
AT2G10930 20039 at 5.93 expressed protein 
biologicalprocess 
unknown 
WTB-WTO, 
biol O-WTO 
AT2G44220 12512 at 5.88 expressed protein 
biologicalprocess 
unknown WTB-WTO 
AT1G03300 13481 at 5.86 agenet domain-containing protein 
biologicalprocess 
unknown 
AT4G10420 14351 at 5.63 hypothetical protein 
biologicalprocess 
unknown 
AT2G34330 14969 at 5.62 expressed protein 
biologicalprocess 
unknown 
WTB-WTO, 
bid O-WTO 
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UNCLASSIFIED 
19269 at 6.58 no match no hits 
13676 i at 6.15 no match no hits 
13065 i at 6.08 no match no hits 
WT-0 > bio1-B, 5-fold or greater change 
CELL WALL 
AT5G26810 19780 at 10.89 pectinesterase cell wall modification WTB-WTO 
ATI G14080 12629 at 5.90 xyloglucan fucosyltransferase (FUT6) cell wall biosynthesis 
AT5G57550 18968 at 5.80 xyloglucan endotransglycosylase cell wall biosynthesis biol O-WTO 
CELLULAR PROCESSES 
AT2G36200 16378 at 10.03 kinesin motor protein kinesin motor protein 
biol B-WTB, 
biol 0-WT0 
AT1G55800 16680 at 5.45 hypothetical protein 
microtubule-based 
process 
AT2G41830 14363 at 5.21 cyclin 
regulation of cell 
cycle 
biol B-bio10, 
biol B-WTB 
AT2G02350; 
AT2G02240 17699 at 5.17 SKP1 interacting partner 3 
regulation of cell 
cycle 
DEVELOPMENT 
AT1G62360 14655 s at 6.51 
homeobox protein SHOOT MERISTEMLESS 
(STM) 
regulation of 
meristem 
organization bio1B-bio10 
AT2G42440 16180 at 5.91 ASYMMETRIC LEAVES2-like protein 15 development 
DNA/RNA METABOLISM 
AT3G23250 12737 f at 19.18 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
bio1B-bio10, 
biol B-WTB 
AT5G62470 18044 f at 14.05 MYB family transcription factor 
regulation of 
transcription 
WTB-WTO, 
biol 0-WT0 
AT2G26150 12431 at 13.39 heat shock transcription factor 
regulation of 
transcription, DNA-
dependent biol O-WTO 
AT4G34410 19108 at 12.83 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-WTB, 
WTB-bio10, 
biol O-WTO 
AT1G43160 19673 q at 11.70 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
biol O-WTO 
other lists 
containing 
Biological Process this gene 
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DNA/RNA METABOLISM (continued) 
other lists 
containing 
Biological Process this gene 
AT4G15570 20498 at 7.78 tRNA-splicing endonuclease 
tRNA splicing 
endonuclease WTB-WTO 
AT2G46380 13991 at 7.76 similar to extra-large G-protein transcription biol B-WTB 
AT1G24330 13304 at 7.20 armadillo/beta-catenin repeat family protein 
regulation of 
transcription biol 0-WT0 
AT3G46090 15779 g at 6.97 zinc finger family protein 
regulation of 
transcription biol B-WTB 
AT5G40350 17605 at 6.85 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent WTB-WTO 
AT1G56650 16073 f at 6.52 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-bio10, 
WTB-bio10 
AT1G04500 17665 at 6.44 zinc finger protein 
zinc finger binding 
protein biol 0-WT0 
AT1G22810 19767 at 6.21 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent WTB-WTO 
AT4G18170 
AT2G26880 
16747_at 
19768 at 
5.55 
5.45 
WRKY family transcription factor 
MADS-box family protein 
regulation of 
transcription, DIn­
dependent 
regulation of 
transcription, DIn­
dependent 
AT2G37590 19095 at 5.31 
zinc finger domain-containing protein, Dof-
type 
regulation of 
transcription 
AT2G31210 19550 at 5.30 basic helix-loop-helix family protein 
regulation of 
transcription WTB-WTO 
AT3G46090 15778 at 5.20 zinc finger family protein 
regulation of 
transcription biol B-WTB 
AT4G32700 16750 at 5.16 
DNA polymerase family protein, similar to 
DNA helicase DNA replication 
WTB-WTO, 
biol 0-WT0 
AT3G54340 19527 s at 5.05 floral homeotic protein APETALA3 (AP3) 
regulation of 
transcription, Din­
dependent biol B-WTB 
AT4G22680 17611 at 5.01 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
METABOLISM 
AT2G19060 12701_i_at 5.77 GDSL-like lipase/ acylhydrolase lipase/ acylhydrolase biol B-bio10 
AT3G02040; 
AT3G02030 18721 at 5.64 glycerophosphoryl diester phosphodiesterase lipid catabolism biol B-WTB 
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PROTEIN AND AMINO ACID METABOLISM 
AT2G46850 16262 at 10.16 expressed protein 
protein amino acid 
phosphorylation 
biol B-WTB, 
WTB-bio10, 
biol 0-WT0 
AT3G12580 13284 at 8.82 heat shock protein 70 protein folding 
WTB-WTO, 
biol 0-WT0 
AT4G23250 20223 at 7.81 protein kinase 
protein amino acid 
phosphorylation bio1B-bio10 
AT2G25330; 
AT2G25320 13531 at 6.66 similar to ubiquitin-specific protease 
ubiquitin-dependent 
protein catabolism biol B-bio10 
AT2G41280 19355 s at 6.38 
late embryogenesis abundant (LEA) protein 
M10 
N-terminal protein 
myristoylation bid B-bio10 
AT4G21940 20228 s at 6.32 cacium-dependent protein kinase 
protein amino acid 
phosphorylation 
AT2G31010 19262 at 5.88 protein kinase 
protein amino acid 
phosphorylation 
AT1G69730 12624 at 5.69 protein kinase 
protein amino acid 
phosphorylation 
AT3G08720 15680 s at 5.69 serine/threonine protein kinase 
protein amino acid 
phosphorylation 
AT2G28990 12263 at 5.21 leucine-rich repeat protein kinase 
protein amino acid 
phosphorylation 
AT2G20380 13341 at 5.08 kelch repeat-containing F-box family protein 
ubiquitin-dependent 
protein catabolism 
bid B-bio10, 
bid B-WTB 
AT4G23210 12360 at 5.04 protein kinase 
protein amino acid 
phosphorylation 
SIGNAL TRANSDUCTION 
AT4G25810 17533 s at 10.01 putative xyloglucan endotransglycosylase 
G-protein coupled 
receptor protein 
signaling pathway 
AT2G31650 19491 at 7.43 Trithoraxl ; activates flower homeotic genes 
intracellular signaling 
cascade 
WTB-WTO, 
bid O-WTO 
AT2G25350 13928 at 6.92 phox domain-containing protein 
intracellular signaling 
cascade bid B-WTB 
AT2G02170 17162 at 5.63 remorin family protein cell to cell signaling bio1B-bio10 
ION HOMEOSTASIS 
calcium ion bio1B-bio10, 
AT5G27100 18516 at 5.41 glutamate receptor family protein homeostasis bid B-WTB 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-0 > bio1-B, 5-fold or greater change (continued) 
TRANSPORT 
AT4G37050 17749 at 6.35 patatin transport 
bio1B-bio10, 
WTB-bio10 
AT4G39890 20373 at 5.69 Ras-related GTP-binding family protein 
intracellular protein 
transport 
AT 1G54770 14548 at 5.33 expressed protein proton transport biol B-WTB 
AT 1G77380 12372 at 5.24 transmembrane amino acid transporter protein 
basic amino acid 
transport bio1B-bio10 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT5G12020 13279 at 36.81 heat shock protein response to heat 
WTB-WTO, 
biol 0-WT0 
AT2G34930 12251 at 26.85 disease resistance family protein defense response 
WTB-WTO, 
bid B-WTB, 
bid 0-WT0 
AT5G12030 13278 f at 22.24 heat shock protein 
hyperosmotic 
response 
WTB-WTO, 
bid O-WTO 
AT1G11960 18995 at 20.93 
early-responsive to dehydration-related 
(ERD4) 
response to water 
deprivation 
bid B-WTB, 
bid O-WTO 
AT3G46230; 
AT3G46220 13275 f at 18.66 heat shock protein response to heat 
WTB-WTO, 
bid O-WTO 
AT1G53540 13276 at 18.10 heat shock protein response to heat 
WTB-WTO, 
bid O-WTO 
AT5G12030 13277 i at 12.28 heat shock protein 
hyperosmotic 
response 
WTB-WTO, 
biol O-WTO 
AT1G59860 18945 at 10.43 heat shock protein response to heat 
bid B-WTB, 
bid O-WTO 
AT4G25200 13282 s at 8.94 
mitochondrial small heat shock protein 
(HSP23.6-M) response to heat WTB-WTO 
AT2G17840 13004 at 8.74 senescence/dehydration associated protein 
response to water 
deprivation bid O-WTO 
AT5G52640 13285 at 8.33 heat shock protein (HSP81 -1 ) response to heat 
WTB-WTO, 
bio 10-WTO 
AT1G74310; 
AT1G74300 13274 at 7.85 heat shock protein 101 response to heat 
WTB-WTO, 
bid O-WTO 
AT1G65390 19577 at 7.54 disease resistance protein, TIR class 
defense response 
signaling pathway, 
resistance gene-
dependent 
AT4G18470 17598_g_at 7.21 
SNI1, negative regulator of systemic acquired 
resistance 
systemic acquired 
resistance 
AT1G17420 18668 at 7.13 lipoxygenase defense response 
AT 1G54050 15404 at 7.11 heat shock protein response to heat 
WTB-bidO, 
bid O-WTO 
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WT-0 > 6/ol-B, 5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT2G29500 20323 at 6.53 heat shock protein response to heat 
AT3G16050 16617 s at 6.01 stress responsive protein, ethylene-inducible 
response to ethylene 
stimulus 
AT4G31870 20705 at 5.47 glutathione peroxidase 
response to oxidative 
stress 
AT4G36010 20384 at 5.31 thaumatin family protein 
response to 
pathogen 
AT4G23190 12278 at 5.30 protein kinase 
defense response to 
pathogenic bacteria, 
incompatible 
interaction 
AT2G27080; 
AT2G27090 15392 at 5.11 harpin-induced protein-related defense response 
other lists 
containing 
Biological Process this gene 
SECONDARY METABOLISM 
oxidoreductase, similar to flavonol synthase flavonoid biol B-bio10, 
AT2G38240 19284 at 8.41 and leucoanthocyanidin dioxygenase biosynthesis WTB-bio10 
OTHER METABOLIC PROCESSES 
AT2G29440 18963 at 7.41 glutathione-S-transferase toxin catabolism WTB-WTO 
UNKNOWN 
AT4G03940 15462 at 10.06 expressed protein 
biologicalprocess 
unknown biol O-WTO 
AT2G32210 18267 at 6.84 expressed protein 
biologicalprocess 
unknown 
AT1G67460 14311 at 6.47 hypothetical protein 
biological_process 
unknown 
AT2G28580 15742 s at 5.70 hypothetical protein 
biologicalprocess 
unknown biol O-WTO 
AT1G04650 17217 at 5.62 hypothetical protein 
biological_process 
unknown 
AT1G62420 17681 at 5.56 expressed protein 
biologicalprocess 
unknown 
biol B-bio10, 
WTB-bio10 
AT2G15360 20598 at 5.51 hypothetical protein 
biological_process 
unknown WTB-WTO 
AT1G62890 18173 at 5.28 hypothetical protein 
biologicalprocess 
unknown 
WTB-WTO, 
biol O-WTO 
AT3G52110 14107 at 5.16 expressed protein 
biological process 
unknown 
AT4G10650 15757 g at 5.04 GTPase of unknown function 
biological_process 
unknown 
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WT-0 > bio1-B, 5-fold or greater change (continued) 
UNCLASSIFIED 
12848 at 6.98 no match no hits 
18697 i at 6.95 no match no hits 
bio1B-bio10, 
biol B-WTB 
20304 at 6.38 no match no hits 
15396 at 5.74 no match no hits biol B-WTB 
13265 at 5.43 no match no hits 
WT-0 > WT-B, 5-fold or greater change 
CELLULAR PROCESSES 
AT4G03470 19104 at 6.01 ankyrin repreat family protein 
linkage between 
integral membrane 
and cytoskeletal 
proteins 
AT1G12040 19826 at 5.91 leucine-rich repeat family cell elongation 
biol B-WTO, 
biol B-bio10, 
WTB-bio10 
AT2G26850 20549 i at 5.48 similar to SKP1 interacting partner 2 
regulation of cell 
cycle 
AT5G65420 13788 at 5.46 cyclin 
regulation of cell 
cycle biol 0-WT0 
DEVELOPMENT 
AT4G17280 12126 at 6.75 auxin responsive family, similar to AIR12 development 
biol B-WTO, 
bio1B-bio10, 
WTB-bio10 
AT4G36930 19740 at 6.26 
basic helix-loop-helix family protein SPATULA 
(SPT) flower development biol B-WTO 
AT2G46910 15509 at 5.29 plastid-lipid associated protein, fibrillin development 
bio1B-bio10, 
WTB-bio10 
DNA/RNA METABOLISM 
AT3G30420; 
AT1G54430 19579 at 11.66 
similar to DNA repair and recombination 
protein pifl DNA repair 
AT2G17740 12630 at 10.37 DC1 domain-containing protein 
regulation of 
transcription, DNA-
dependent 
bid B-bio10, 
bid B-WTB, 
biol O-WTO 
AT2G03000 15806 at 8.90 zinc finger family protein 
zinc finger binding 
protein 
other lists 
containing 
Biological Process this gene 
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LocusJD 8k Affy ID change Description 
WT-0 > WT-B, 5-fold or greater change (continued) 
DNA/RNA METABOLISM (continued) 
AT2G44880 18511 at 7.35 pentatricopeptide repeat containing protein gene expression biol B-WTO 
AT2G40210 14822 at 7.10 MADS-box family protein 
regulation of 
transcription, DNA-
dependent biol B-WTB 
AT2G42920 19583 at 6.74 pentatricopeptide repeat containing protein gene expression 
AT4G39530 19035 at 6.29 pentatricopeptide repeat containing protein gene expression 
AT2G46870 13019 at 5.98 DNA binding protein 
regulation of 
transcription, DNA-
dependent biol B-WTO 
AT4G31615 18169 at 5.98 
transcription factor B3, similar to reproductive 
meristem gene 1 
regulation of 
transcription, DNA-
dependent 
AT3G57600 19560 at 5.93 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent bio 10-WT0 
AT2G40340 19489 s at 5.63 AP2-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
AT4G14770 19966 at 5.18 Tesmin/T01-like CXC domain 
regulation of 
transcription WTB-bio10 
AT5G10280 12721 f at 5.01 MYB transcription factor 
regulation of 
transcription, DNA-
dependent 
ENERGY PRODUCTION 
AT2G33230 15260 at 8.11 flavin-containing monooxygenase electron transport biol B-WTO 
AT2G37730 16694 at 6.47 fringe-related protein electron transport 
AT4G02180 17772 at 6.36 DC1 domain-containing protein electron transport biol 0-WT0 
AT3G14940 15101 s at 6.00 phosphoenolpyruvate carboxylase 
tricarboxylic acid 
cycle biol B-WTO 
AT4G32360 18793 at 5.09 NADP adrenodoxin-like ferredoxin reductase electron transport 
AT1G24540 19479 at 5.06 cytochrome P450 electron transport 
CARBOHYDRATE METABOLISM 
AT1G55740 18797 at 7.85 alkaline alpha galactosidase 
carbohydrate 
metabolism biol O-WTO 
AT4G02280 20220 at 5.69 sucrose synthase sucrose biosynthesis 
other lists 
containing 
Biological Process this gene 
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LocusJD 8k Affy ID change Description 
WT-0 > WT-B, 5-fold or greater change (continued) 
PROTEIN AND AMINO ACID METABOLISM 
AT2G10350 19492 i at 12.24 Ulp1 protease 
proteolysis and 
peptidolysis WTB-bidO 
AT2G07040 19047 at 8.30 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
AT5G42190; 
AT5G42180 19622 g at 6.57 
E3 ubiquitin ligase SCF complex subunit 
SKP1/ASK1 (At2) 
ubiquitin-dependent 
protein catabolism 
biol B-WTO, 
bio1B-bio10, 
WTB-bidO 
AT2G24230 19608 at 6.42 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
AT4G01420 14821 at 6.28 calcineurin B-like protein 5 
N-terminal protein 
myristoylation 
AT1G51320 17250 at 5.99 F-box family protein 
ubiquitin-dependent 
protein catabolism bid 0-WT0 
AT4G15060 18505 at 5.95 F-box protein related 
ubiquitin-dependent 
protein catabolism 
AT2G19410 19042 q at 5.93 protein kinase 
protein amino acid 
phosphorylation bid 0-WT0 
AT1G09450 16254 at 5.77 similar to haspin 
protein amino acid 
phosphorylation 
AT1G54820 18115 at 5.68 protein kinase 
protein amino acid 
phosphorylation 
bid B-WTO, 
bid B-bio10, 
WTB-bio10 
AT1G55610 16354 at 5.48 protein kinase 
protein amino acid 
phosphorylation bid O-WTO 
AT3G52010 18137 at 5.40 serine carboxypeptidase S10 
proteolysis and 
peptidolysis 
bid B-bio10, 
biol 0-WT0 
AL TRANSDUCTION 
AT5G54840 18054 at 13.19 GTP-binding family protein 
small GTPase 
mediated signal 
transduction 
bid B-WTO, 
bid O-WTO 
AT1G51960 17251_at 7.92 calmodulin binding family protein 
caimodulin/caicium 
signaling bid O-WTO 
AT2G33030 17785 s at 5.09 leucine-rich repeat family signal transduction 
TRANSPORT 
AT5G26900; 
AT5G27080; 
AT5G27570; 
AT5G27945 18805 at 11.80 WD-40 repeat family protein 
intracellular protein 
transport 
AT4G19030 19847 s at 9.89 major intrinsic family protein, NLM1 transport 
biol B-WTO, 
WTB-bidO 
other lists 
containing 
Biological Process this gene 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-0 > WT-B, 5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT3G52490 15480 at 10.76 heat shock protein response to heat 
biol B-WTO, 
biol O-WTO 
AT1G77100 17784 at 8.95 peroxidase, similar to cationic peroxidase 
response to oxidative 
stress 
biol B-WTO, 
bio 10-WTO 
AT3G57260 13212 s at 8.79 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
systemic acquired 
resistance 
biol B-WTO, 
bio1B-bio10, 
WTB-bio10, 
biol O-WTO 
AT2G35380 12575 s at 7.97 peroxidase 20 (PER20; P20) 
response to oxidative 
stress 
bid B-WTO, 
bid B-bio10, 
WTB-bio10 
AT2G18140 12328 at 7.68 peroxidase, similar to ATP6a 
response to oxidative 
stress 
AT5G49860 12296 at 6.92 
jacalin lectin family protein similar to 
myrosinase-binding protein homolog 
response to 
pest/pathogen/ 
parasite 
AT4G19910 19634 at 6.44 
toll-interleukin-resistance domain-containing 
protein disease resistance 
AT2G28670 19374 at 6.37 
disease resistance-responsive family protein, 
fibroin-related 
response to 
pathogenic fungi 
bid B-WTO, 
biol B-bidO 
AT2G40130 17639 at 6.15 heat shock protein response to heat 
bid B-WTO, 
bidB-bidO, 
WTB-bio10 
AT1G05530 18099 i at 5.62 UDP-glucoronosyl/UDP-glucosyl transferase defense response bid B-WTB 
AT4G36770 14296 at 5.34 UDP-glucoronosyl/UDP-glucosyl transferase defense response 
AT2G39540 15274 at 5.19 gibberillin regulated protein 
response to 
gibberellic acid 
stimulus 
bid B-WTO, 
bid O-WTO 
SECONDARY METABOLISM 
AT1G51990 18209 at 13.17 similar to caffeic acid O-methyltransferase lignin biosynthesis 
bid B-WTO, 
WTB-bio10 
AT4G26220 19348 at 6.35 caffeoyl-CoA 3-O-methyltransferase lignin biosynthesis biol B-WTO 
AT2G18360 17716 at 5.19 alpha/beta fold hydrolase 
aromatic compound 
metabolism 
OTHER METABOLIC PROCESSES 
AT4G19810 20420 at 9.91 
glycosyl hydrolase family 18, similar to 
chitinase/lysozyme metabolism 
bid B-WTO, 
bid B-biolO, 
WTB-bidO, 
bid O-WTO 
AT4G25434 12694 at 6.69 MutT/nudix family protein metabolism 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-0 > WT-B, 5-fold or greater change (continued) 
UNKNOWN 
AT2G10930 20039 at 11.33 expressed protein 
biological_process 
unknown 
biol B-WTO, 
biol O-WTO 
AT1G23510 15226 at 11.16 expressed protein 
biologicalprocess 
unknown biol B-WTB 
AT1G23570 13374 at 8.91 expressed protein 
biologicalprocess 
unknown 
bio1B-bio10, 
biol B-WTB, 
biol O-WTO 
AT2G44220 12512 at 8.01 expressed protein 
biological_process 
unknown biol B-WTO 
AT4G09775 18848 at 7.44 hypothetical protein 
biological_process 
unknown 
AT1G62890 17735 at 7.34 hypothetical protein 
biologicalprocess 
unknown 
AT4G10870 17186 s at 6.32 hypothetical protein 
biological_process 
unknown 
AT2G42955 17718 at 6.22 hypothetical protein 
biological_process 
unknown bid O-WTO 
AT2G11620 18586 i at 6.21 hypothetical protein 
biologicalprocess 
unknown 
bid B-bid 0, 
bid B-WTB 
AT4G37950 16224 at 5.91 expressed protein 
biological process 
unknown bid O-WTO 
AT1G09880 14305 at 5.70 hypothetical protein 
biological process 
unknown 
AT2G34330 14969 at 5.51 expressed protein 
biological process 
unknown 
bid B-WTO, 
bid O-WTO 
AT1G05510 19217 at 5.11 expressed protein 
biological process 
unknown 
AT1G03340 15718 at 5.09 expressed protein 
biological process 
unknown 
AT4G36280 15315 at 5.03 
contains ATP-binding region, ATPase-like 
domain 
biological process 
unknown 
UNCLASSIFIED 
18377 at 7.71 no match no hits 
16187 s at 5.97 no match no hits bid B-WTB 
17313 i at 5.71 no match no hits 
18061 r at 5.59 no match no hits 
19330 at 5.44 no match no hits 
bid B-WTB, 
WTB-bidO 
14113 r at 5.06 no match no hits 
20106 s at 5.03 no match no hits WTB-bio10 
WT-B > WT-0, 5-fold or greater change 
CELL WALL 
AT5G26810 19780 at 5.22 pectinesterase cell wall modification biol B-WTO 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-B > WT-0, 5-fold or greater change (continued) 
CELLULAR PROCESSES 
AT2G35630 18421 at 6.50 microtubule organization protein 
microtubule 
cytoskeleton 
organization and 
biogenesis 
AT5G25380 16851 s at 5.55 cyclin 3a 
regulation of cell 
cycle 
AT1G48270 15657 s at 5.10 putative G protein coupled receptor mitotic cell cycle 
DNA/RNA METABOLISM 
AT4G1B13O 14629 r at 11.63 phytochrome E (PHYE) 
regulation of 
transcription, DNA-
dependent 
biol B-WTB, 
WTB-bio10 
AT1G35515 12729 r at 10.01 MYB transcription factor 
regulation of 
transcription, DNA-
dependent 
AT1G43160 19673 g at 9.41 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-WTO, 
biol 0-WT0 
AT1G22810 19767 at 8.16 AP2-containing transcription factor 
regulation of 
transcription, DNA-
dependent biol B-WTO 
AT5G40350 17605 at 8.12 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent biol B-WTO 
AT4G15570 20498 at 7.11 tRNA-splicing endonuclease 
tRNA splicing 
endonuclease bid B-WTO 
AT1G59890 18919 at 5.65 similar to transcription co-repressor Sin3 
regulation of 
transcription, DNA-
dependent 
AT2G31210 19550 at 5.65 basic helix-loop-helix family protein 
regulation of 
transcription bid B-WTO 
AT5G62470 18044 f at 5.43 MYB family transcription factor 
regulation of 
transcription 
bid B-WTO, 
bid 0-WTO 
AT4G32700 16750 at 5.07 
DNA-directed DNA polymerase, similar to 
DNA helicase DNA replication 
biol B-WTO, 
bid O-WTO 
PROTEIN AND AMINO ACID METABOLISM 
AT2G17170 14807 at 8.26 protein kinase 
protein amino acid 
phosphorylation WTB-bio10 
AT3G46930 17967 at 8.06 protein kinase 
protein amino acid 
phosphorylation 
bidB-bidO, 
bid O-WTO 
AT1G21980 15662 s at 7.53 phosphatidylinositol-4-phosphate 5-kinase 
protein amino acid 
phosphorylation WTB-bio10 
AT3G57760 17658 at 7.25 protein kinase 
protein amino acid 
phosphorylation bid O-WTO 
AT3G12580 13284 at 5.79 heat shock protein 70 protein folding 
bid B-WTO, 
bid O-WTO 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-B > WT-0, 5-fold or greater change (continued) 
PROTEIN AND AMINO ACID METABOLISM (continued) 
AT1G65200 19775 at 5.40 ubiquitin carboxyl-terminal hydrolase 
ubiquitin-dependent 
protein catabolism 
AT2G26290 12357 s at 5.06 protein kinase 
protein amino acid 
phosphorylation 
SIGNAL TRANSDUCTION 
intracellular signaling biol B-WTO, 
AT2G31650 19491 at 6.97 Trithoraxl ; activates flower homeotic genes cascade biol O-WTO 
TRANSPORT 
AT2G46180 16704 at 6.90 
intracellular protein transport protein US01-
related 
intracellular protein 
transport WTB-bidO 
AT1G76970 14408 at 6.88 similarity to tyrosine kinase substrate 
intracellular protein 
transport WTB-bio10 
AT4G01810 13600 at 6.11 protein transport protein protein transport bid B-WTB 
AT5G23270 19270 at 5.88 sugar transporter 
carbohydrate 
transport 
AT4G31980 20702 at 5.30 expressed protein transport 
AT1G23090 16541 s at 5.11 sufate transporter sulfate transport 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT5G12020 13279 at 17.09 heat shock protein response to heat 
bid B-WTO, 
biol O-WTO 
AT1G53540 13276 at 11.92 heat shock protein response to heat 
bid B-WTO, 
bid O-WTO 
AT4G27670 13281 s at 10.27 heat shock protein response to heat WTB-bio10 
AT3G46230; 
AT3G46220 13275 f at 8.51 heat shock protein response to heat 
bid B-WTO, 
biol O-WTO 
AT1G74310; 
AT1G74300 13274 at 8.18 heat shock protein 101 response to heat 
bid B-WTO, 
bid O-WTO 
AT5G12030 13278 f at 7.49 heat shock protein 
hyperosmotic 
response 
bid B-WTO, 
bid O-WTO 
AT5G12030 13277 i at 7.06 heat shock protein 
hyperosmotic 
response 
bid B-WTO, 
bid O-WTO 
AT5G52640 13285 at 7.04 heat shock protein (HSP81-1) response to heat 
bid B-WTO, 
biol O-WTO 
AT4G25200 13282 s at 5.73 
mitochondrial small heat shock protein 
(HSP23.6-M) response to heat biol B-WTO 
AT2G34930 12251 at 5.35 disease resistance family protein defense response 
bid B-WTO, 
bid B-WTB, 
bid O-WTO 
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LocusJD 8k Affy ID change Description Biological Process this gene 
WT-B > WT-0, 5-fold or greater change (continued) 
OTHER METABOLIC PROCESSES 
AT2G29440 18963 at 6.99 glutathione-S-transferase toxin catabolism biol B-WTO 
UNKNOWN 
AT2G35820 19387 at 14.52 expressed protein 
biological process 
unknown 
biol B-WTB, 
biol 0-WT0 
AT4G22640 13512 g at 6.85 expressed protein 
biological process 
unknown 
AT4G19090 13826 at 6.31 hypothetical protein 
biological process 
unknown 
AT1G62890 18173 at 5.89 hypothetical protein 
biological process 
unknown 
biol B-WTO, 
biol 0-WT0 
AT2G15360 20598 at 5.18 hypothetical protein 
biological process 
unknown biol B-WTO 
UNCLASSIFIED 
biol B-WTB, 
12044 at 5.00 no match no hits WTB-bio10 
bio1-B > WT-B, 5-fold or greater change 
DNA/RNA METABOLISM 
AT4G18130 14629 r at 7.11 phytochrome E (PHYE) 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
WTB-bidO 
AT4G31660 13875 at 5.20 
transcriptional factor B3 family protein, low 
similarity to reproductive meristem gene 1 
regulation of 
transcription, DNA-
dependent 
ENERGY PRODUCTION 
AT4G01910 17833_at 6.20 DC1 domain-containing protein electron transport WTB-bio 10 
CARBOHYDRATE METABOLISM 
Raffinose synthase or seed imbibition protein carbohydrate 
AT4G01265 20473 g at 7.27 Sip1 metabolism 
PROTEIN AND AMINO ACID METABOLISM 
AT4G34650 14653 s at 5.76 farnesyl-diphosphate farnesyltransferase 
N-terminal protein 
myristoylation 
AT5G02490 16916 s at 5.09 heat shock protein (HSC70-2) protein folding WTB-bio10 
TRANSPORT 
WTB-WTO, 
AT4G01810 13600 at 6.81 protein transport protein protein transport bid B-WTB 
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bio1-B > WT-B, 5-fold or greater change (continued) 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
response to 
pest/pathogen/ 
AT2G43590 13154 s at 6.50 chitinase parasite 
SECONDARY METABOLISM 
AT1G67980 13215 at 5.61 caffeoyl-CoA 3-O-methyltransferase lignin biosynthesis WTB-bio10 
UNKNOWN 
AT2G35820 19387 at 9.98 expressed protein 
biological process 
unknown 
WTB-WTO, 
biol O-WTO 
AT2G03600 12641 at 6.14 hypothetical protein 
biological process 
unknown 
AT2G37380 12093 at 5.15 expressed protein 
biological process 
unknown 
bio1B-bio10, 
biol B-WTB 
UNCLASSIFIED 
WTB-WTO, 
12044 at 13.03 no match no hits WTB-bio10 
WT-B > bio1-B, 5-fold or greater change 
CELL WALL 
WTB-WTO, 
AT 1G05530 18099 i at 5.46 UDP-glucoronosyl/UDP-glucosyl transferase cellulose biol B-WTB 
CELLULAR PROCESSES 
AT4G27370 12257 at 8.05 myosin family protein 
actin filament-based 
movement 
AT2G36200 16378 at 7.93 kinesin motor protein 
structural component 
of cytoskeleton 
biol B-WTO, 
biol 0-WT0 
AT2G41830 14363 at 6.96 cyclin 
regulation of cell 
cycle 
biol B-WTO, 
biol B-bio10, 
biol B-WTB 
AT5G59370 14356 at 6.89 actin 4 
structural component 
of cytoskeleton 
AT4G01160 16736 at 5.89 
BTB/POZ domain-containing protein, similar 
to actinfilin 
structural component 
of cytoskeleton WTB-bidO 
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DEVELOPMENT 
lateral organ boundaries domain protein 12 shoot 
AT2G30130 15808 at 6.83 (LBD12) morphogenesis 
DNA/RNA METABOLISM 
AT3G23250 12737 f at 14.42 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-WTO, 
biol B-bio10, 
biol B-WTB 
AT4G21550 12981 q at 10.85 transcriptional factor B3 
regulation of 
transcription, DNA-
dependent WTB-bidO 
AT2G39620 19829 at 6.80 pentatricopeptide repeat-containing protein gene expression 
AT2G46380 13991 at 6.25 similar to extra-large G-protein transcription 
biol B-WTO, 
bid B-WTB 
AT2G25380 14330 at 6.04 zinc finger protein 
zinc finger binding 
protein 
AT3G46090 15779_g_at 5.92 zinc finger family protein 
regulation of 
transcription 
bid B-WTO, 
bid B-WTB 
AT2G25370 14262 at 5.91 zinc finger protein 
zinc finger binding 
protein 
AT1G54160 20102 at 5.84 
CCAAT-binding transcription factor (CBF-
B/NF-YA) 
regulation of 
transcription, DNA-
dependent 
AT2G17740 12630 at 5.84 DC1 domain-containing protein 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
bidB-bidO, 
bid 0-WTO 
AT3G54340 19527 s at 5.64 floral homeotic protein APETALA3 (AP3) 
regulation of 
transcription, DNA-
dependent 
biol B-WTO, 
bid B-WTB 
AT2G40210 14822_at 5.62 MADS-box family protein 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
bid B-WTB 
AT4G34410 19108 at 5.51 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
bid B-WTO, 
WTB-bidO, 
bid 0-WT0 
AT2G42070; 
AT2G42060 14597 at 5.40 ADP-ribose pyrophosphatase 
nucleotide 
metabolism 
AT2G22760 19803 s at 5.36 basic helix-loop-helix DNA-binding domain 
regulation of 
transcription 
AT3G46090 15778 at 5.29 zinc finger family protein 
regulation of 
transcription 
biol B-WTO, 
bid B-WTB 
AT5G52600 18858 i at 5.21 MYB family transcription factor transcription WTB-bio10 
AT1G10520 19341 at 5.12 DNA polymerase lambda DNA repair 
AT5G26642 18407 at 5.10 reverse transcriptase reverse transcriptase 
AT4G00120 13345 at 5.02 basic helix-loop-helix DNA-binding domain 
regulation of 
transcription 
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ENERGY PRODUCTION 
AT4G37230 19058 at 7.44 
33 kDa subunit of oxygen evolving system of 
photosystem II (OEE1) photosynthesis 
AT4G15300 14764 at 5.07 cytochrome P450 electron transport 
CARBOHYDRATE METABOLISM 
AT 1G24320 19306 at 8.15 alpha-glucosidase 
oligosaccharide 
metabolism 
biol B-bio10, 
biol B-WTB 
AT2G18760 18496 at 5.14 
SNF2 domain-containing protein, similar to 
excision repair protein ERCC-6 
main pathways of 
carbohydrate 
metabolism WTB-bio10 
LIPID METABOLISM 
AT3G02040; bid B-WTO, 
AT3G02030 18721 at 6.01 glycerophosphoryl diester phosphodiesterase lipid catabolism bid B-WTB 
PROTEIN AND AMINO ACID METABOLISM 
AT4G28420 12658 at 7.57 aminotransferase 
histidine 
biosynthesis 
AT5G26140 14876 at 7.55 lysine decarboxylase lysine biosynthesis 
bid B-bio10, 
bid B-WTB 
AT2G46850 16262 at 7.09 expressed protein 
protein amino acid 
phosphorylation 
bid B-WTO, 
WTB-bio10, 
bid O-WTO 
AT4G04695; 
AT4G04700 12266 at 6.51 calcium-dependent protein kinase protein kinase 
WTB-bio10, 
bid O-WTO 
AT2G20380 13341 at 6.26 kelch repeat-containing F-box family protein 
ubiquitin-dependent 
protein catabolism 
bid B-WTO, 
bio1B-bio10, 
biol B-WTB 
AT4G04510 17290 at 5.42 protein kinase 
protein amino acid 
phosphorylation 
WTB-bio10, 
bid O-WTO 
AT4G33580 12138 at 5.04 carbonic anhydrase 
proteolysis and 
peptidolysis 
SIGNAL TRANSDUCTION 
intracellular signaling bid B-WTO, 
AT2G25350 13928 at 6.44 phox domain-containing protein cascade bid B-WTB 
ION HOMEOSTASIS 
bid B-WTO, 
calcium ion bio1B-bio10, 
AT5G27100 18516 at 10.89 glutamate receptor family protein homeostasis bid B-WTB 
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TRANSPORT 
AT2G27370 15851 i at 5.41 plant integral membrane protein tetracycline transport WTB-bio10 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT4G11230 17802 at 7.88 NADPH oxidase, ferric reductase like 
oxygen and reactive 
oxygen species 
metabolism WTB-bio10 
AT1G15580 13660 i at 6.17 indoleacetic acid-induced protein 5 (IAA5) 
response to auxin 
stimulus 
AT4G09930 16759 at 5.66 avirulence induced gene (AIG1) 
response to 
pathogenic bacteria 
AT2G42800 16381 at 5.64 leucine-rich repeat family protein defense response WTB-bio10 
AT1G11960 18995 at 5.40 
early-responsive to dehydration-related 
(ERD4) 
response to water 
deprivation 
biol B-WTO, 
biol O-WTO 
AT4G27670 17780 s at 5.23 heat shock protein response to heat 
AT1G59860 18945 at 5.09 heat shock protein response to heat 
bio 1 B-WTO, 
biol O-WTO 
AT1G04540 13912 at 5.07 
C2 domain-containing protein, low similarity to 
cold-regulated gene SRC2 response to cold 
AT1G34290 16200 at 5.07 leucine-rich repeat family protein disease resistance 
AT2G34930 12251 at 5.02 disease resistance family protein defense response 
WTB-WTO, 
biol B-WTO, 
bid O-WTO 
SECONDARY METABOLISM 
bio1B-bio10, 
AT1G16420 20128 at 6.35 putative latex-abundant protein (AMC8) alkaloid metabolism biol B-WTB 
UNKNOWN 
AT2G40320 14740 i at 11.13 expressed protein 
biological process 
unknown WTB-bidO 
AT1G23510 15226 at 9.23 expressed protein 
biological process 
unknown 
WTB-WTO, 
bid B-WTB 
AT1G54770 14548 at 9.21 expressed protein 
biological process 
unknown 
bid B-WTO, 
bid B-WTB 
AT2G11620 18586 i at 7.88 hypothetical protein 
biological process 
unknown 
WTB-WTO, 
bid B-bidO, 
bid B-WTB 
AT1G23570 13374 at 5.89 expressed protein 
biological process 
unknown 
WTB-WTO, 
bio1B-bio10, 
bid O-WTO 
AT 1G43570 19814 at 5.66 hypothetical protein 
biological process 
unknown 
AT2G03370 17615 at 5.54 hypothetical protein 
biological process 
unknown 
bio1B-bio10, 
bid B-WTB 
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UNCLASSIFIED 
19864 at 10.86 no match no hits 
19330 at 8.84 no match no hits 
WTB-WTO, 
WTB-bio10 
18697 i at 6.76 no match no hits 
biol B-WTO, 
bio1B-bio10, 
biol B-WTB 
20512 at 6.28 no match no hits 
bid B-bid 0, 
bid B-WTB 
18068 r at 6.16 no match no hits 
bid B-bid 0, 
bid O-WTO 
15396 at 5.72 no match no hits 
bid B-WTO, 
bid B-WTB 
16187 s at 5.60 no match no hits 
WTB-WTO, 
bid B-WTB 
WT-B > bio1-0, 5-fold or greater change 
CELL WALL 
AT4G31590 15763 at 6.29 
glycosyl transferase family 2, similar to 
cellulose synthase cellulose 
bidB-bidO, 
bid O-WTO 
AT1G23200 18935 at 6.00 pectinesterase cell wall modification 
biol B-bid 0, 
WTB-bio10 
AT1G23760 16166 s at 5.87 polygalacturonase cell wall catabolism 
AT5G57560 16620 s at 5.01 xyloglucan endotransglycosylase 
cell wall organization 
and biogenesis bid O-WTO 
CELLULAR PROCESSES 
AT5G19530 17999 at 11.13 spermine/spermidine synthase cell elongation 
bid B-bid 0, 
biol O-WTO 
AT4G26760 20708 at 8.02 microtubule associated protein 
microtubule 
associated protein 
bio1B-bio10, 
bid O-WTO 
ATI G12040 19826 at 7.45 leucine-rich repeat family 
cellular 
morphogenesis 
during differentiation 
WTB-WTO, 
bid B-WTO, 
bid B-bid 0, 
WTB-bio10 
other lists 
containing 
Biological Process this gene 
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CELLULAR PROCESSES (continued) 
AT2G33790 20045 at 6.13 
pollen Ole e 1 allergen, similar to 
arabinogalactan protein cell elongation 
biol B-bio10, 
WTB-bio10 
AT4G01160 16736 at 6.12 
BTB/POZ domain-containing protein, similar 
to actinfilin 
structural component 
of cytoskeleton 
biol B-WTB, 
WTB-bio10 
AT2G20290 16332 at 5.87 myosin 
actin filament-based 
movement 
biol B-bid 0. 
WTB-bio10 
AT1G15570 18207 at 5.01 cyclin, similar to cyclin A2 
regulation of cell 
cycle biol O-WTO 
DEVELOPMENT 
AT2G42840 15189 s at 11.04 protodermal factor 1 (PDF1) 
embryonic 
development 
bio1B-bio10, 
biol 0-WT0 
AT2G45660 14123 at 7.95 MADS-box protein (AGL20) 
positive regulation of 
flower development 
bio1 B-bid O, 
biol 0-WT0 
AT2G02450 15835 at 7.39 no apical meristem (NAM) development 
bio1B-bio10, 
bid O-WTO 
AT2G46910 15509 at 7.34 plastid-lipid associated protein, fibrillin development 
WTB-WTO, 
bio1 B-bid 0, 
WTB-bio10 
AT4G17280 12126 at 5.57 auxin responsive family, similar to A1R12 development 
WTB-WTO, 
biol B-WTO, 
bidB-bidO, 
WTB-bio10 
AT2G02450 13418 at 5.52 no apical meristem (NAM) family protein development 
bio1B-bio10, 
biol O-WTO 
AT4G17280 14488 at 5.42 similar to auxin-induced protein AIR12 development 
AT1G26310 13216 at 5.07 MADS-box transcription factor 
positive regulation of 
flower development 
DNA/RNA METABOLISM 
AT4G34410 19108 at 22.70 AP2 domain-containing transcription factor 
regulation of 
transcription, DNA-
dependent 
bid B-WTO, 
bid B-WTB, 
biol O-WTO 
AT4G21550 12981 g at 10.16 transcriptional factor B3 
regulation of 
transcription, DNA-
dependent 
biol B-WTB, 
WTB-bidO 
AT4G33450 14818_g_at 8.05 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent bid O-WTO 
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DNA/RNA METABOLISM (continued) 
AT2G04500 12569 at 7.88 DC1 domain-containing protein 
regulation of 
transcription, DNA-
dependent 
AT2G38185 13476 q at 7.82 zinc finger protein 
zinc finger binding 
protein 
AT2G18380 16188 at 7.73 zinc finger protein 
regulation of 
transcription, DNA-
dependent 
AT5G52600 18858 i at 7.32 MYB family transcription factor transcription 
bio1B-WTB, 
WTB-bio10 
AT4G14770 19966 at 6.13 Tesmin/T01-like CXC domain 
regulation of 
transcription 
WTB-WTO, 
WTB-bio10 
AT1G20920 12047 at 5.81 DEAD box RNA helicase DNA recombination 
bio1B-bio10, 
WTB-bio10 
AT3G26680 13838 g at 5.59 DNA cross-link repair protein-related DNA repair 
AT1G24200 13303 at 5.57 
paired amphipathic helix repeat-containing 
protein similar to Sin3 protein 
regulation of 
transcription, DNA-
dependent 
biol B-bio10, 
biol 0-WT0 
ENERGY PRODUCTION 
AT2G32300 17100 s at 9.66 uclacyanin 1 electron transport 
bio1B-bio10, 
WTB-bio10 
AT3G27690 15153 at 8.97 chlorophyll A-B binding protein (LHCB2:4) photosynthesis 
bid B-bio10, 
bio10-WT0 
AT4G19230 12634 s at 7.56 cytochrome P450 electron transport 
AT4G20820 15819 s at 6.35 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport 
bio1B-bio10, 
WTB-bio10 
AT3G21720 17412 at 5.95 isocitrate lyase 
tricarboxylic acid 
cycle 
AT2G19900 15280 at 5.64 similar to NADP-dependent malic enzyme malate metabolism 
CARBOHYDRATE METABOLISM 
AT1G05630 20107 at 6.43 
similar to inositol 1,4,5-trisphosphate 5-
phosphatase 
carbohydrate 
metabolism biol 0-WT0 
AT2G18760 18496 at 5.42 
SNF2 domain-containing protein, similar to 
excision repair protein ERCC-6 
main pathways of 
carbohydrate 
metabolism 
bio1B-WTB, 
WTB-bio10 
AT2G01630 14042 at 5.06 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
carbohydrate 
metabolism biol 0-WT0 
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LIPID METABOLISM 
AT5G46900 16489 at 55.45 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport 
bio1B-bio10, 
bio10-WT0 
AT4G28780 17196 at 19.14 lipase/ acylhydrolase with GDSL-like motif lipase/ acylhydrolase 
bio1B-bio10, 
bio10-WT0 
AT1G02205 15145 s at 6.30 
CER1 protein identical to maize gl1 homolog 
(glossyl ) cuticle biosynthesis 
bio1B-bio10, 
WTB-bio10 
AT4G15160 16974 at 5.81 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport 
bio1B-bio10, 
WTB-bio10 
AT1G09750 14018 at 5.32 chloroplast nucleoid DNA binding protein lipid metabolism 
bio1B-bio10, 
bio10-WT0 
AT4G01950 19992 at 5.08 acyltransferase glycerol metabolism bio10-WT0 
PROTEIN AND AMINO ACID METABOLISM 
AT4G12510; 
AT4G12520 18983 s at 15.63 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) 
protease 
inhibitor/seed 
storage/lipid transfer 
protein 
biol B-bio10, 
WTB-bio10 
AT5G42190; 
AT5G42180 19622 q at 14.77 
E3 ubiquitin ligase SCF complex subunit 
SKP1/ASK1 (At2) 
ubiquitin-dependent 
protein catabolism 
WTB-WTO, 
biol B-WTO, 
bio1B-bio10, 
WTB-bio10 
AT4G11310; 
AT4G11320 12748 f at 14.00 cysteine proteinase cysteine proteinase 
biol B-bio10, 
biol O-WTO 
AT4G24670 14757 at 10.74 allinase 
histidine 
biosynthesis 
bio1B-bio10, 
bio 10-WTO 
AT4G11320 12746 i at 10.35 cysteine proteinase 
proteolysis and 
peptidolysis 
bio1B-bio10, 
WTB-bio10 
AT4G04510 17290 at 7.89 protein kinase 
protein amino acid 
phosphorylation 
biol B-WTB, 
bid O-WTO 
AT2G10350 19492 i at 7.77 Ulp1 protease 
proteolysis and 
peptidolysis 
WTB-WTO, 
WTB-bidO 
AT4G04695; 
AT4G04700 12266 at 7.55 calcium-dependent protein kinase protein kinase 
bid B-WTB, 
bid O-WTO 
AT1G54820 18115 at 7.10 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
bid B-WTO, 
bidB-bidO, 
WTB-bidO 
other lists 
containing 
Biological Process this gene 
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PROTEIN AND AMINO ACID METABOLISM (continued) 
AT1G54550 14370 at 7.07 F-box family protein 
ubiquitin-dependent 
protein catabolism biol 0-WT0 
AT4G21650; 
AT4G21640; 
AT4G21630 13603 f at 6.96 subtilase 
ubiquitin-dependent 
protein catabolism 
biol B-bio10, 
bid O-WTO 
AT2G01460 15723 at 6.82 phosphoribulokinase/uridine kinase protein kinase 
AT4G18640 18156 at 6.78 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
biol B-bio10, 
biol 0-WT0 
AT2G02780 18861 at 6.77 
leucine-rich repeat transmembrane protein 
kinase 
protein amino acid 
phosphorylation 
AT4G32070 20543 at 6.74 
octicosapeptide/Phox/Bemlp (PB1) domain-
containing protein protein kinase 
biol B-bio10, 
bid 0-WTO 
ATI G19090 17496 at 6.65 serine/threonine protein kinase (RKF2) protein kinase 
AT4G21650; 
AT4G21640; 
AT4G21630 14114 f at 6.53 subtilase 
ubiquitin-dependent 
protein catabolism 
biol B-bidO, 
WTB-bio10 
AT1G09440 17293 at 6.44 protein kinase 
protein amino acid 
phosphorylation bid 0-WTO 
AT2G27520 15727 at 6.42 F-box family protein 
ubiquitin-dependent 
protein catabolism 
AT2G41860 20236 s at 5.88 calcium-dependent protein kinase 
protein amino acid 
phosphorylation 
AT2G17880 19945 at 5.40 DNAJ heat shock protein protein folding bid O-WTO 
AT2G46850 16262 at 5.10 expressed protein 
protein amino acid 
phosphorylation 
bid B-WTO, 
bid B-WTB, 
bid O-WTO 
SIGNAL TRANSDUCTION 
intracellular signaling 
AT2G21850 13865 at 5.02 DC1 domain-containing proten cascade 
ION HOMEOSTASIS 
bid B-bio10, 
AT5G01600 16031 at 7.22 ferritin 1 (FER1) iron ion homeostasis bid O-WTO 
TRANSPORT 
AT2G21880 12426 at 7.69 Ras-related GTP-binding protein 
intracellular protein 
transport 
AT2G27370 15851 i at 5.64 plant integral membrane protein tetracycline transport 
bid B-WTB, 
WTB-bidO 
AT2G21540 19290 at 5.23 
SEC14 cytosolic factor, putative 
phosphoglyceride transfer protein transport bid O-WTO 
AT1G03370 15719 at 5.18 C2 domain-containing protein transport 
AT4G19030 19847 s at 5.02 major intrinsic family protein, NLM1 transport 
WTB-WTO, 
bid B-WTO, 
WTB-bidO 
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RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT4G11210 14013 at 16.29 disease resistance-responsive family protein defense response 
AT5G20630 15160 s at 14.93 germin-like protein (GER3) defense response 
bio1B-bio10, 
biol O-WTO 
AT2G40130 17639 at 11.28 heat shock protein response to heat 
WTB-WTO, 
bid B-WTO, 
bio1B-bio10, 
WTB-bidO 
AT4G29020 12239 at 8.18 glycine-rich protein 
response to 
pathogen 
bio1B-bio10, 
bid O-WTO 
AT5G67400 20296 s at 7.69 peroxidase 73 (PER73; P73; PRXR11) 
response to oxidative 
stress 
bid B-bio10, 
bid O-WTO 
AT2G14210 19609 at 7.68 MADS-box protein (ANR1 ) response to nutrients 
bio1B-bio10, 
bid O-WTO 
AT2G35380 12575 s at 7.06 peroxidase 20 (PER20; P20) 
response to oxidative 
stress 
WTB-WTO, 
bid B-WTO, 
bio1B-bio10, 
WTB-bio10 
AT5G66400 16038 s at 6.68 dehydrin (RAB18) 
response to abscisic 
acid stimulus 
bio1B-bio10, 
bio 10-WTO 
AT4G11190 20719 at 6.06 disease resistance-responsive family protein defense response 
AT4G37770 16387 at 6.01 
1 -aminocyclopropane-1 -carboxylate synthase, 
ACC synthase 
ethylene 
biosynthesis 
AT1G54050 15404 at 6.00 heat shock protein response to heat 
biol B-WTO, 
bid O-WTO 
AT2G02120 16040 at 5.88 
putative plant defensin-fusion protein 
(PDF2.1) defense response 
bio1 B-bidO, 
WTB-bio10 
AT1G57570 16803 at 5.87 
jacalin lectin family protein similar to 
myrosinase-binding protein homolog 
response to 
pest/pathogen/ 
parasite 
AT4G11230 17802 at 5.83 NADPH oxidase, ferric reductase like 
oxygen and reactive 
oxygen species 
metabolism 
bid B-WTB, 
WTB-bid 0 
AT4G13580; 
AT4G13590 12139 at 5.66 disease resistance-responsive protein disease resistance 
bid B-bid 0, 
WTB-bio10 
AT1G05260 17102 s at 5.51 peroxidase 3 (PER3; P3) response to cold 
bio1B-bio10, 
WTB-bidO 
AT4G25470 16062 s at 5.50 
DRE-binding protein (DREB1C) / CRT/DRE-
binding factor 2 (CBF2) response to cold 
AT2G21490 18558 at 5.41 dehydrin response to stress 
AT3G48390 19877 at 5.31 MA3 domain-containing protein 
programmed cell 
death bid O-WTO 
AT2G42800 16381 at 5.02 leucine-rich repeat family protein defense response 
bid B-WTB, 
WTB-bio10 
AT3G49960 19592 at 5.01 peroxidase ATP21a 
response to oxidative 
stress 
bid B-WTO, 
bid B-bidO, 
WTB-bio10 
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SECONDARY METABOLISM 
AT2G01520 16016 at 60.80 major latex protein-related alkaloid metabolism 
bio1B-bio10, 
biol 0-WT0 
AT2G01530 12758 at 12.47 major latex protein alkaloid metabolism 
bio1B-bio10, 
biol O-WTO 
AT2G46570 17287 at 6.61 laccase lignin biosynthesis 
AT1G76090 15198 at 6.14 
S-adenosyl-methionine-sterol-C-
methyltransferase sterol biosynthesis biol O-WTO 
AT2G38080 16872 at 5.73 putative laccase lignin biosynthesis 
bio1B-bio10, 
WTB-bio10 
AT1G51990 18209 at 5.73 similar to caffeic acid O-methyltransferase lignin biosynthesis 
WTB-WTO, 
biol B-WTO, 
WTB-bio10 
OTHER METABOLIC PROCESSES 
AT4G13290; 
AT4G13310 20278 s at 7.38 cytochrome P450 
cytochrome P450 
family 
bio1B-bio10, 
WTB-bio10 
AT2G46710 13032 at 6.12 rac GTPase activating protein 
GTPase activating 
protein 
bio1B-bio10, 
WTB-bidO 
AT4G03110 12471 s at 5.35 RNA-binding protein, similar to Etr-1 RNA binding bid O-WTO 
AT4G15270 19764 at 5.09 glucosyltransferas metabolism 
UNKNOWN 
AT2G34170 13585 at 12.34 expressed protein 
biological process 
unknown 
bid B-bio10, 
bid O-WTO 
AT1G12080 18881 at 11.91 expressed protein 
biological process 
unknown 
bio1B-bio10, 
bid O-WTO 
AT2G40320 14740 i at 8.65 expressed protein 
biological process 
unknown 
bid B-WTB, 
WTB-bio10 
AT1G30750 15918 at 8.33 expressed protein 
biological process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT2G34170 13586_g_at 7.37 expressed protein 
biological_process 
unknown 
bio1 B-bidO, 
bid O-WTO 
AT2G33850 18607 at 7.32 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT 1G06750 13836 at 6.90 hypothetical protein 
bioiogica! process 
unknown 
bio1 B-bidO, 
WTB-bidO 
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UNKNOWN (continued) 
AT2G45600 13452 at 5.79 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT2G46780 12546 at 5.74 
RNA recognition motif (RRM)-containing 
protein 
biological_process 
unknown biol O-WTO 
AT2G45890 15279 at 5.56 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bidO 
AT1G61260 18378 at 5.01 expressed protein 
biological process 
unknown 
UNCLASSIFIED 
18056 r at 7.65 no match no hits 
bid B-bio10, 
WTB-bio10 
20106 s at 7.06 no match no hits 
WTB-WTO, 
WTB-bio10 
16731 at 6.73 no match no hits 
19330 at 5.59 no match no hits 
WTB-WTO, 
bid B-WTB, 
WTB-bio10 
bio1-0 > WT-B, 5-fold or greater change 
CELL WALL 
WTB-WTO, 
bid B-WTO, 
glycosyl hydrolase family 18, similar to bio1 B-bidO, 
AT4G19810 20420 at 5.18 chitinase/lysozyme cellulose bid O-WTO 
CELLULAR PROCESSES 
AT1G52030 20227 s at 5.50 
myrosinase-binding protein-like protein 
(MBR1.2) cell adhesion bid O-WTO 
AT2G02230 17698 at 5.05 
F-box family protein, similar to SKP1 
interacting partner 3 
regulation of cell 
cycle 
bid B-bidO, 
WTB-bidO 
DEVELOPMENT 
AT2G29350 20491 at 13.83 tropinone reductase/dehydrogenase aging 
bid B-bio10, 
bid O-WTO 
AT2G35670 17512 s at 5.51 fertilization-independent seed 2 protein (FIS2) 
endosperm 
development 
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DNA/RNA METABOLISM 
AT4G36700 13449 at 25.70 cupin 
regulation of 
transcription 
bio1B-bio10, 
biol 0-WT0 
AT2G42360 14320 at 8.06 zinc finger protein transcription 
AT4G00870 20528 at 7.22 basic helix-loop-helix DNA binding 
regulation of 
transcription 
AT2G02150 15730 at 6.83 
pentatricopeptide (PPR) repeat-containing 
protein gene expression 
AT4G18130 14629 r at 6.72 phytochrome E (PHYE) 
regulation of 
transcription, DNA-
dependent 
WTB-WTO, 
biol B-WTB, 
WTB-bio10 
AT1G56650 16073 f at 5.61 MYB family transcription factor 
regulation of 
transcription, DNA-
dependent 
biol B-WTO, 
bio1B-bio10, 
WTB-bio10 
ENERGY PRODUCTION 
AT2G02850 13495 s at 29.47 plantacyanin electron transport 
bio1B-bio10, 
biol O-WTO 
AT2G02850 13048 s at 16.43 plantacyanin electron transport 
biol B-bio10, 
biol O-WTO 
AT1G30700 14016 s at 15.34 
FAD-binding domain-containing protein, 
similar to reticuline oxidase electron transport biol O-WTO 
AT4G01910 17833 at 7.83 DC1 domain-containing proten electron transport 
biol B-WTB, 
WTB-bio10 
AT3G51030 12937 r at 5.18 H-type 1 thioredoxin (TRX-H-1 ) electron transport 
CARBOHYDRATE METABOLISM 
AT4G25000 16859 at 6.35 alpha-amylase glycogen catabolism 
biol B-bio10, 
biol O-WTO 
AT4G18990 19530 at 5.00 xyloglucan endotransglycosylase 
carbohydrate 
metabolism 
LIPID METABOLISM 
AT4G12480 16150 at 14.33 
protease inhibitor/seed storage/LTP family, 
pEARL11 lipid transport 
biol B-bio10, 
biol O-WTO 
AT4G12470 17963 at 10.38 
protease inhibitor/seed storage/lipid transfer 
protein (LTP) lipid transport 
AT3G48080 20625 at 10.35 lipase, class 3 lipid metabolism bid O-WTO 
AT2G38530 16432 g at 5.71 nonspecific lipid transfer protein 2 (LTP2) lipid transport 
bid B-bid 0, 
WTB-bio10 
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PROTEIN AND AMINO ACID METABOLISM 
AT5G02490 16916 s at 14.97 heat shock protein (HSC70-2) protein folding 
biol B-WTB, 
WTB-bio10 
AT2G17170 14807 at 12.73 protein kinase 
protein amino acid 
phosphorylation 
WTB-WTO, 
WTB-bio10 
AT2G24850 17008 at 11.61 aminotransferase 
histidine 
biosynthesis 
biol B-bio10, 
WTB-bio10 
AT2G29070 15508 at 7.48 ubiquitin fusion degradation (UFD1) 
ubiquitin-dependent 
protein catabolism 
bio1B-bio10, 
WTB-bio10 
AT4G21380 16360 at 6.55 S-receptor kinase ARK3 
protein amino acid 
phosphorylation 
AT2G12100 19005 at 6.33 Ulp1 protease 
proteolysis and 
peptidolysis 
AT2G43650 15378 at 5.90 Sas10/U3 ribonucleoprotein (Utp) 
proteolysis and 
peptidolysis 
AT1G61610 19110 s at 5.67 S-locus lectin protein kinase 
protein amino acid 
phosphorylation 
AT2G38860 15866 s at 5.20 protease! (pfpl)-like protein (YLS5) 
proteolysis and 
peptidolysis 
AT1G21980 15662 s at 5.20 phosphatidylinositol-4-phosphate 5-kinase protein kinase 
WTB-WTO, 
WTB-bio10 
AT5G26780 12978 at 5.14 serine hydroxymethyltransferase glycine metabolism 
AT3G09010 14763 at 5.06 protein kinase protein kinase 
bio1B-bio10, 
biol 0-WT0 
SIGNAL TRANSDUCTION 
AT4G04940 16290 at 5.98 transducin 
G-protein coupled 
receptor protein 
signaling pathway 
AT3G50770 13217 s at 5.42 calmodulin-related protein 
calmodulin/calcium 
signaling biol O-WTO 
ION HOMEOSTASIS 
AT2G29120 18844 at 6.03 glutamate receptor 
calcium ion 
homeostasis 
AT2G32400 19240 at 5.06 glutatmate receptor 
calcium ion 
homeostasis 
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TRANSPORT 
AT4G23700 13627 at 19.42 cation/hydrogen exchanger, putative (CHX17) cation transport 
biol B-bio10, 
biol 0-WT0 
AT1G61800 17775 at 19.00 glucose-6-phosphate/phosphatetranslocator 
hexose phosphate 
transport biol O-WTO 
AT2G45220 20269 at 8.91 pectinesterase 
dicarboxylic acid 
transport 
biol B-bio10, 
biol O-WTO 
AT4G37050 17749 at 5.81 patatin transport 
biol B-WTO, 
biol B-bio10, 
WTB-bidO 
AT2G46180 16704 at 5.58 
intracellular protein transport protein US01-
related 
intracellular protein 
transport 
WTB-WTO, 
WTB-bio10 
AT4G21680 19762 at 5.34 
proton-dependent oligopeptide transport 
(POT) 
oligopeptide 
transport 
bid B-bio10, 
WTB-bio10 
AT1G76970 14408 at 5.29 similarity to tyrosine kinase substrate 
intracellular protein 
transport 
WTB-WTO, 
WTB-bidO 
RESPONSE TO BIOTIC OR ABIOTIC STRESS 
AT2G14610 14635 s at 142.82 pathogenesis-related protein 1 (PR-1) 
response to 
pest/pathogen/ 
parasite 
bio1B-bio10, 
biol O-WTO 
AT3G57260 13212 s at 27.64 
glycosyl hydrolase family 17, similar to glucan 
endo-1,3-beta-glucosidase 
systemic acquired 
resistance 
WTB-WTO, 
biol B-WTO, 
bid B-bidO, 
biol O-WTO 
AT2G39330 17273 at 23.06 
jacalin lectin family protein, similar to 
myrosinase-binding protein 
response to 
pest/pathogen/ 
parasite 
bid B-bio10, 
bid O-WTO 
AT2G43570 17840 at 16.02 chitinase 
response to 
pest/pathogen/ 
parasite 
bio1B-bio10, 
bid O-WTO 
AT2G32680 16365 at 12.90 disease resistance family protein defense response 
bid B-biolO, 
bid O-WTO 
AT2G43510 19171 at 10.76 trypsin inhibitor, similar to MTI-2 defense response 
bid B-bidO, 
biol O-WTO 
AT1G75830 18716 at 8.32 plant defensin-fusion protein 
response to 
pathogenic fungi 
AT1G33960 12879 at 8.30 avirulence induced gene (AIG1) 
response to 
pathogenic bacteria 
bio1B-bio10, 
biol O-WTO 
AT 1G54020 19150 at 7.32 
myrosinase-associated protein, lipolytic 
enzyme, G-D-S-L family 
response to 
pest/pathogen/ 
parasite 
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RESPONSE TO BIOTIC OR ABIOTIC STRESS (continued) 
AT1G21250 15616 s at 7.08 wall-associated kinase 1 (WAK1) 
response to 
pathogen biol O-WTO 
AT3G04720 15162 at 6.87 hevein-like protein (HEL) 
response to ethylene 
stimulus 
bio1B-bio10, 
biol O-WTO 
AT2G40330 20698 at 6.85 Pathogenesis-related protein Bet v I family 
response to 
pathogen 
AT1G75040 14636 s at 6.85 pathogenesis-related protein 5 (PR-5) 
systemic acquired 
resistance 
AT4G27670 13281 s at 6.60 heat shock protein response to heat 
WTB-WTO, 
WTB-bio10 
AT1G22900 15415 at 6.09 disease resistance-responsive family protein defense response 
biol B-bio10, 
biol O-WTO 
AT4G11650 16914 s at 5.60 osmotin-like protein (OSM34); thaumatin 
response to 
pathogen 
bio1B-bio10, 
biol O-WTO 
AT4G33720 20308 s at 5.30 pathogenesis-related protein, similar to PR-1 
response to 
pathogen 
biol B-bio1O, 
biol O-WTO 
AT2G38870 19892 at 5.17 protease inhibitor, Potato inhibitor I family 
response to 
wounding 
biol B-bio10, 
WTB-bio10 
AT3G28930 12880 at 5.03 avrRpt2-induced AIG2 protein (AIG2) 
response to 
pathogenic bacteria 
SECONDARY METABOLISM 
AT1G61120 17511 s at 17.61 
terpens synthase/cyclase, similar to S-linalool 
synthase 
isoprenoid 
biosynthesis 
bio1B-bio10, 
biol O-WTO 
AT1G67980 13215 at 14.68 caffeoyl-CoA 3-O-methyltransferase lignin biosynthesis 
biol B-WTB, 
WTB-bio10 
AT4G22880 17026 s at 13.37 
leucoanthocyanidin dioxygenase, putative / 
anthocyanidin synthase 
anthocyanin 
biosynthesis 
biol B-bio10, 
biol O-WTO 
AT1G02920 16053 i at 12.87 glutathione S-transferase 
anthocyanin 
biosynthesis 
biol B-bio10, 
biol O-WTO 
AT1G02920; 
AT1G02930 16054 s at 12.15 glutathione S-transferase 
anthocyanin 
biosynthesis 
bio1B-bio10, 
WTB-bio10 
AT2G38240 19284 at 7.09 
oxidoreductase, similar to flavonol synthase 
and leucoanthocyanidin dioxygenase 
flavonoid 
biosynthesis 
biol B-WTO, 
bio1B-bio10, 
WTB-bio10 
AT5G24160 19704 i at 6.78 squalene epoxidase 1,2 (SQP1,2) sterol biosynthesis 
bio1B-bio10, 
biol O-WTO 
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SECONDARY METABOLISM (continued) 
AT1G01480 12851 s at 6.38 
1 -aminocyclopropane-1 -carboxylate synthase 
2, ACC synthase 2 (ACS2) 
ethylene 
biosynthesis 
bio1B-bio10, 
biol O-WTO 
AT1G17020 17484 at 5.87 
oxidoreductase, 20G-Fe(ll) oxygenase, 
similar to fiavonol synthase, 
leucoanthocyanidin dioxygenase 
flavonoid 
biosynthesis biol O-WTO 
OTHER METABOLIC PROCESSES 
AT2G30750; 
AT2G30770 14609 at 9.80 cytochrome P450 
cytochrome P450 
family 
bio1B-bio10, 
biol 0-WT0 
AT2G29470 20356 at 5.57 glutathione S-transferase toxin catabolism 
AT2G29460 19640 at 5.08 glutathione S-transferase toxin catabolism 
bio1B-bio10, 
WTB-bio10 
UNKNOWN 
AT2G14560 14704 s at 19.28 expressed protein 
biological process 
unknown 
bio1B-bio10, 
biol 0-WT0 
AT2G21640 12216 at 15.12 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
biol O-WTO 
AT2G14560 15846 at 8.66 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
biol O-WTO 
AT1G62420 17681 at 8.34 expressed protein 
biological_process 
unknown 
biol B-WTO, 
biol B-bio10, 
WTB-bio10 
AT4G16590 19193 at 7.48 glycosyltransferase 
biological_process 
unknown biol O-WTO 
AT2G40435 12199 at 7.02 expressed protein 
biological_process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT1G61930 12059 at 5.98 expressed protein 
biological process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT1G27020 18235 at 5.68 expressed protein 
biological process 
unknown 
bio1B-bio10, 
WTB-bio10 
AT4G29520 16311 at 5.54 expressed protein 
biological process 
unknown 
AT1G22980 13996 at 5.12 expressed protein 
biological process 
unknown 
UNCLASSIFIED 
WTB-WTO, 
biol B-WTB, 
12044 at 7.88 no match no hits WTB-bio10 
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